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[ T is now twelve Months fince I firft publifbed a Commentary on Dr. 
Ha..ey’s Difertation on the TRANSIT OF VeNus, iz the Ge- 
neral Magazine of Arts and Sciences ; but being often tmportuned to 
publifo that Treatife in one entire View, I at length concluded to do it, 
but not without confiderable Alterations and Additions thereto. For 
though the Doétor’s Performance was a Mafter-Piece in its Kind, yee 
there ts another, and, perhaps, the moft genuine Method of Computing 
the Quantity, Phafes, and various Affections of the TRANSIT, which 
bas not, that I know of, been ever explained in Englith ; and therefore 
£ have here attempted it, for the fake of fuch as may be willing to 
know the moft direct and Ajtronomical Method of Computation ; I mean 
that of PARALLAXES; the Theory of which I have laid down in the 
plaineft Manner I could, and have exemplified the fame by adapting the 
Calculus to the End of the Tranjfit, .as it will beobferved-here-in Eng- 
land. 

L am well fatisfied, neither the Doétor’s Method by ProjeCtion, nor 
this other by Parallaxes, can be well underftood, without a proper Idea of 
the Theory of this Planet ; which therefore I have fupplied, and by that 
means the Rationale of Calculation will be more intelligible. 

After this you will find the Ufe of Tranfit for afcertaining the Ele- 
ments of the Theory of Venus’s Motions, according to the Method of 
Parallaxes ufed by Mr. Horrox and Mr. Cassini, exemplified in 
the Tranjfit of 1639, now Jirft done into Englith. | 

L have alfo added an Account of the Motion of the Nodes of Venus, 
as I find it in all the Tables bitherto publifbed that I have feels in iS 
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der that the Reader might have a proper Notion of fo fundamental a 

Principle. | 3 
As to the Geographical Principles of the Tranfit, I have lluftrat- 
ed them by the Ufe of the 'Terreftrial GLoBE, as a ueceflary Introduc= 
tion to the whole. Nor 1s the Ufe of the Celeftial GLoBE inconfiderable,. 
as thereby any Perfon, curious in thefe Matters, may eafily attain to a 
practical Method of determining the Angle ES Z (fee Figure 3 and 
4. Plate Ill.), made by the Circle of Latitude E R,, and the Vertical 
CSN, by which means the Pofition of the Ecurptic TL will be 
obtained, and.thereby a Reprefentation of the folar Disk formed<as 

| barge as you pleafe for any given Place and Moment of the Tranfit 3 by 
this means alfo the feveral Phenomena of the Tranfit may be eftimat- 
ed by the Scale and Compafles ; and a Heliometer adjufted for mea-. 
furig the Diftance of the Planet from the Echptic, gt any Moment of 
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INTRODUCTION. 


The‘Usse of the Terrestrrran and Cetgstrar Gruoge 
in exhibiting the various Phenomena of the Transit 
of VENUS. | 


S: I conceived the moft familiar. and general Way of exhibit= 
A ing the various. Phenomena of a Planet tranfiting the Sun’s 
Difk, is by means of the artificial Globes, I thal] here briefly defcribe 
that Method, by way of Introduction to. Dr. Hattery’s Differtation, 
and what afterwards follows. 

In order to this, we firft confider the Place of the Sun in the 
, Ecliptic, and his Declination for the middle Time of the Tranfit; 
and then,. by rectifying the Globe, we can eafily thew all thofe 
Places. of the Earth where the Beginning, the Middle, and End 
of the Tranfit can be obferved, and at what particular Times of the 
Day; as alfo how, by the different Directions and Motions upon 
contrary Parts.of the Globe, the Times of the Tranfit will be 
affected, fo as to be in fome Places longer, and in others fhorter ; 
and laftly, what Pofition the Ecliptic will have in regard to a ver- 
tical Circle for any given Place, and: of courfe what the Pofition of 
the Path of the Planet will be, in its Paflage over the Sun for that 
particular Place ; all which together will conftitute a general Idea 
of this great and moft interefting Phenomenon. 

The Place of the Sun in the Ecliptic,. when the Planet Venus 
will be feen to enter his Difk, is in 1 5° 30' of Gemini, andof courfe 
his Declination. will be near 22°; and therefore if the Globe be 
rectified for that Parallel.of 22° Latitude, then will it be in a Con- 
dition to exhibit all the Appearances of the Tranfit. ‘This we pre- 
fume the Reader knows mutt be done by elevating the North Pole. 

22° above the North Part. of the Horizon. . 

. The. 
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The Time (reckoned at Lonpon) of the Bepinning of the Tranfit 
we find, by Dr. Hattey’s Tables, is about Five Minutes after IT, 
in the Morning, on the Ninth Day of Funenext; the true Conjunc- 
tion, or rather Middle of the Tranfit, will be about half an Hour 
after V.; and the End about three Quarters after VIII. So that the 
whole Duration will be little more than fix Hours and a half. 

Now to fhew all the Places on the Globe to which the Br- 
GINNING will be vifible; you bring the Place (Lonpon, for 
Inftance) ; to the Meridian (having rectified the Globe as above di- 
rected) and then place the Hour-Index at the Hour of II. in the 
Morning ; then turn the Globe-about till the Index points’to XII. 
at Noon, and the upper Hemifphere will then be that only, in 
which the Beginning of the Tranfit can be feen; where you will 
obferve that all thofe Places which lie under the Meridian, ‘will fee 
Venus enter the Sun’s Difk upon the Meridian at XII o’Clock. - But 
thefe will be very few; viz. The Eaftern ‘Parts of Mufcovy, and 
New Brita, near the Equator; the Great Pacific Ocean almott 
wholly occupying the Meridional Parts of the Globe. And here it is 
to be obferved, that ‘the Suz is vertical at that Time to the mot 
Northern of thofe Iflands called the Ladrones. | 

In the next Place, you obferve all the Places of the Globe lying 
under the Weftern Semicircle‘of the Horizon; for to them the Suz 
will be then rifing ; the Reafon of which “is evident, becaufe the 
Sun being over the middle Point of the Hemifphere above the Ho- 
rizon, will illuminate the fame throughout ; and the wooden Ho- 
rizon of the Globe is now, ‘properly {peaking, the Solar Horizon; 
and the general Meridian, in which the Suz is, becomes the Horizon 
to all thofe who lie under the Weftern Horizon? of the Globe. 
Thefe Countries, by the Motion of the Globe, are juft entering 
into the illumined Hemifphere, and fee Venus entering the Sun’s 
Ditk, juft rifen above their Eaftern Horizon.’ The Countries, you 
will obferve, are Norway and Sweden, Poland; the Black Sea, and. 
all the middle Part of Turky in Afia; after which, to the 
Southern Parts of the Meridian, you fee nothing but the Great 
Laftern Ocean. 

From hence it follows, that all in that Quarter of the Globe 
which lieth between the Weftern Horizon and the Meridian, will 
fee the Beginning of the Tranfit fome time in the Morning, or 
forenoon, and later in Proportion as they are nearer to the Meridian, 
at the rate of an Hour to every 15° in the Equator. So that from 
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hence it will be very eafy to know, by Infpection, the Hour of the 
Morning when this Phenomenon can be obferved;. becaufe, on 
Senex’s twelve-inch Globes, the Meridians are real Hour-Circles, 
being drawn through every 15° of the Equator, and confequently 
are 24. upon the Whole. You then caft your Eye on the Eaftern 
Semicircle of the Horizon, and under that you fee but a {mall 
Part of the inhabited Globe, vz. Hudjon’s Bay, the Weftern and 
South-Weft unknown Parts of North America, and. Southern Parts 
of Cahforma. If they have ever heard of the Tranfit, and have 
any Means of viewing the Suz, they will fee the Planet enter his 
Disk juft as the Suz is fetting, becaufe at that Inftant they are, by 
the Motion of the Globe, carried Eaftward out of the enlightened 
Hemif{phere. 

It is very remarkable, that all this Quarter of the Globe, between 
the Meridian and Eaftern Horizon, is covered with Water, except 
fome of the unknown Parts of America, extending towards Mu/covy; 
and therefore it is probable the Beginning of the Tranfit will not 
be obferved in the Afternoon any-where, unlefs by thofe who navi- 
gate the Great Pacific Ocean. 

It is further to be obferved, that all the Parts of the World 
which lie on the nether Hemifphere, cannot fee the Beginning of 
the Tranfit ; among which, below the Weftern Horizon, near the 
North, you: will obferve our Ifland of Great Britain, great Part of 
Europe, all Africa, and almoft.all America. ‘Thus much. for the 
BEGINNING of the Tranfit. 

In the next Place, to exhibit the Phenomena for the Mippre of 
the Tranfit. The Globe remaining rectified as before, you bring 
the City of London to the Meridian, and there holding it firmly, 
you fet the Hour-Index to half an Hour paft V. in the Morning; 
and then revolve the Globe till the Index points to. the Hour of. XII. 
at. Noon; and.thus you.will have in View that Hemifphere of the 
Globe in which the Mippxe of the Tranfit can be feen, viz. all 
above the Horizon. And to thofe who inhabit the Hemifphere 
below, which are,. nearly, all the Parts of America, and the 
Weftern. Parts of 4frica, the Middle of the Tranfit. will not. ap- 

ear. 
: From what we have faid before,. it is evident; that to all the 
Parts of the Globe which now lie under the general Meridian of 
the illumined Hemifphere, Venus will appear in Conjunction with the 
Sua at XII o’Clock. Thefe are all the Midland Parts of A/a, from 
The 
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‘[ viii J 
the Northern Parts of Mujcovy to the Luft Indies, near which you 
will fee Bercoolen, in the fle of Sumatra. atte 

In the Weitern Hemifphere you will obfetve all the Countries in 
the Weftern Semicircle of the Horizon to which the Sun will rife, 
with Venus advanced to the middle Part of her Path over his’ Disk: 
Thefe are only the Weftern and Southern Parts of Africa. In all 
this Quarter between the Weftern Horizon and the Meridian, the 
M:ddle of the Tranfit will be {een in the F orenoon, éarlier or later, 
as the Places are more remote, or nearer to the Meridian... Amon 
thefe you will obferve our Mand at a {mall Altitude above the Ho- 
vizon, having been rifen (as one may fay) into the illumined Hemi- 
{phere but one Hour and half. 

By turning the Eye to the Eaftern Semicircle of the Horizon, 
you will find nothing but the Greas Pacific Ocean lying under it, 
excepting a fmall, Portion of the wndifcovered Parts of North Ame 
rica, and fome Parts of the Coaft of New Zealand, in Southern La- 
titude. It is therefore probable that the Middle of the Tranfit 
will be no-where obferved at Sun-fet; but in all the Countries in 
this Quarter of the Globe it will be feen at fome time ot other in 
the Afternoon, and to moft of them before IV o’Clock. 

In the laft Place, for the Enp of the Tranfit, which is at Three- 
quarters after VIII. in the Morning, we mutt rectify the Globe for 
that Time; that is, bringing London to the Meridian, you mutt 
fet the Hour-Hand fo that Time, and then revolve the Globe till 
it points to the upper XII. and you will have prefented to your 
View that Hemifphere of the Globe in which only the End of the 
Tranfit can be feen. 

To all the Countries that lie under the Meridian, Venus will ap- 
pear to go off from the Sun’s Disk at Noon. Thefe are all the 
Eatftern Parts of Ruffia, the Cafpian Sea, the Weftern Part of the 
Kingdom of Perfia, and the Eaftern Parts of Aralia, with the 
North Part of the Hland of Madagafcar. 

In the Weftern Semicircle of the Horizon you fee thofe Countries 
where the End of the Tranfit will appear at Sun-rifing, among which 
are the Eaftern Parts of EHudjon’s Bay,.in North America; North Bri- 
tain, Nova Scotia; and a {mall Tract of the Eaftern Parts of Brazil, 
In this Quarter of the Globe, among thofe who fee the End’ of the 
Tranfitin thé F orenoon, you obierve the whole Continént of 4 rica, 
the greateft Part of Europe; our Mand in particular, in North La- 

to | titude, 

































{ ix] | 
titude, and St. elena in the South, viewing this Phenomenon i 
nearly at the fame Time of the Day. : 
In the Eaftern Semicircle of the Horizon you fee a few Countries 
fie; but moft of them unknown to us; and probably not an Inha~ 
bitant among them all will fee Venus make her Exit from the Syn’s 
Disk at his fetting. However, a great Part of the World, the vat. 
Continent of fa, will have the Pleafure of viewing this critical 
Phenomenon fome Time in the Afternoon, if the Weather prove 
favourable to them. , ! 
Thus you proceed to find the various Appearances of the Tranft | 
for any other Place, as well as London. Having firft obferved the i 
Difference of Longitude between the Meridian of London and the 
given Place, and converted it into Time, ‘by which Means the 
Times of the Beginning, Middle, and End of the Tranfit become 
known, and the various Appearances reprefented for that Place, in | 
the fame Manner as we have now done for London. | | 





The diurnal Motion of the Globe being in a Dire@tion from Weft 
to Eaft, and that of Venus over the Sun’s Disk being the contrary 
Way, from Eaft to Weft, will caufe her to be feen a lefs Time on 
the Surface of the Swz, than the would have appeared if the Earth | 
were at reft;-or if fhe was viewed only from the Earth’s Center, | 
which is:at ‘reft with Refpect to the {uperficial Parts; for in either © | 
of thofe'Cafes, we thould fee the true and real Motion of Venus. 
Whereas now, as we are moving towards the Planet, or to meet it, 
the Time of the Beginning or End of the Planet will neceffarily 
be contracted. And this will be the Cafe of all the People that 
live in fuch Parts of the Earth where the Beginning and End can | 
be:obferved, as at Bencoolen, in Sumatra ; and all other Parts of the 
Haft Indies. But as every Place, while it deferibes the no@urnal 
Part‘of its Parallel, has a different Dire&tion of Motion from ‘that 
in the diurnal Part with Refpect to a diftant Point in the Heavens, 
fo thofe Motions in the noGturnal Parts of the Parallels will have 
the fame DireGtion as the Planet Venus itfelf ; and confequently 
fuch as are in a Situation to view the Beginning and End of the 
Tranfit, while they defcribe their no€turnal Arches, will have the , 
Duration of the Tranfit thereby prolonged; for if we move the i 
fame Way with another Body in Motion, that Body will appear to 
move more flowly than it would do if we ourfelves had no Motion ik 
at all, i 

a Now : 
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Now if we fuppofe the Planet Venus were to traverfe the fame 
Difk fo near the Sun’s Center.as Dr. Hatrey, in his following 
Differtation, has fuppofed, then her Path over the Sux would be 
confiderably longer than Six Hours and a Quarter, before-mentioned, 
viz. almoft Eight Hours; which would have given an Opportu- 
nity for obferving the Beginning and End of the Tranfit by Perfons 
moving in both the above-mentioned Directions, viz. Thofe of the 
Eaft Indies, the contrary Way to the Planet, and thofe at Fort Nel- 
fon (at the Mouth of York Rrver, at Hudjon's Bay, in North America) 
moving the fame Way with the Planet; for then thofe latter Ob- 
fervers at Fort Nelfon would not only have obferved the Beginning 
of the Tranfit at Sun-fet, but likewife the End of it at Sun-rifing; 
and thereby have obferved a Duration of the Tranfit much greater 
than thofe in the Eaff Indies, as you may eafily fee by rectifying 
the Globe, as before direéted, for the Hours of II. in the Morning, 
and Three-quarters after IX. for the End. 

But there is great Reafon to fuppofe (as we fhall hereafter fhew) 
that by reafon of the Motion of Venus’s Nodes, fhe will be car- 
ried much lower on the Sun’s Surface, and thereby the Time, 
both at the Beginning and End of the Tranfit, will be con- 
tracted ; and though not enough, at the Beginning of the Tranfit, 
to render it invifible at Fort Ne/fon, yet the End of it at Three- 
quarters after VIII. will be fo much earlier than before, that Fort 
Nel/on will not have reached the Weftern Horizon at the Time that 
Venus departs from the Sun’s Disk at her Rifing ; all which is plainly 
obferved from the Globe rectified as before-mentioned for thofe par- 
ticular Times. 

Since the Doétor’s Differtation is to fhew how the Parallax, and 
confequently the Diffance, of the Sun from the Earth, may in a 
great Degree be afcertained from the Difference between the true 
and apparent Duration of the Tranfit, it follows, that if the Be- 
ginning and End of the Tranfit could have been obferved at Port 
Neljon as well as at the Indies, that then this Difcovery could have 
been made to that Degree of Exa¢tnefs which the Doctor pro- 
pofes ; viz. to within at leaft a five hundredth Part of the whole. 
But as the Cafe is now like to prove, the apparent Duration by its 
Contraétion only at the Indies will have a lefs Difference from the true 
Time, and therefore we mutt be content, at prefent, with a lefs aes 

e 





{ xf 
feé&t Determination of the Suwn’s Parallax than we were at firft in 
Expectation of. 

But as another Tranfit of the fame Planet, at the fame Node, 
will happen in the Year 1769, on the 3d of ‘fume, which would 
have proved of little or no Service to us, had the prefent Tranfit 
been fuch as we firft expected; yet, in Proportion as this is ren- 
dered more deficient for anfwering the propofed Difcovery, that 
will be made more fubfervient to it; and, indeed, will fully anfwer 
all that can be expected from a Tranfit,and leave nothing more to be 
hoped for. So that, upon the Whole, we thall have two Tranfits, 
by this means, inftead of one; and if we make the beft Ufe of 
each, there is no doubt but Aftronomy will, in ten Years Time, 
attain to its ultimate Perfection. But of this Subjeét, and more 
particularly of the Tranfit in 1769, we may take another Opportu~ 
nity of difcourfing more at large. 
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Dr. HALLE Y’s 
ir SSE RTA T I OM 


On the MeTuop of Determining the 


PARALLAX of the SUN 


B-Y. --T HE 


TRANSIT of VENUS, June 6. 176r. 


N. B. This Differtation was delivered to the Royal Society, aud publifhed in 
their Tranfattions, N° 348. 


which is propofed, to determine the Diftance of the Suze 
: from the Earth near the Truth; which yet, from pro- 
per Obfervations *, obtained at particular Times and Places, may 
be folved without much Labour; and what I now propofe to this 
Society is, to fhew our + young Aftronomers (who may live to 
make thofe Obfervations) a Method {, by which they may mealiy 
. the 





ee 





* ‘The Obfervations here referred to are thofe which are to be made on the Tranfit 
of Venus over the Face of the Sun, in the Year 1761, at the Haff Indies on one Part, 
and at Hud/on’s Bay on the other, as is more fully declared in the Sequel of this Dif- 
fertation. 

+ The Doétor had Reafon to mention young Aftronomers, becaufe at the Time he 
wrote this, which was about the Year 1718, the Tranfit of Venus was at the Dittance 
of 43 Years. 

t “Ehe Method propofed by the Doctor for this Purpofe is the Subject of this Differ- 
tation, viz, The Difference of the Times of the Tranfit of Venus over the Sun’s Difk, 
obferved from the two diftant Parts of the Fart) before-mentioned. "The Doctor; who 
is on all hands allowed to be the ereateft Tudge in thofe Things, has given very good 
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YO Problem feems of a more difficult Nature than that 


















[2] 
the immenfe Diftance of the Sun, within the sooth Part of the 
Whole. — 

IT. It is well known that this Diftance of the Sun from the 
Earth is f{uppofed different by different Aftronomers 3 Ptolemy and 
his Followers,.as alfo Copernicus and Tycho Brake, have computed, 
it at 1200 Semi-diameters of the Earth; Kepler at almoft 3500; 
Riccio doubles this Jatt Diftance, and Hevelus makes it only half 
as much *. : 3 | 

IIT. But at length it was found, upon obferving by the Telefcope, 
Venus and Mercury on the Sun's Disk,. divefted of their borrowed 
Light, that the apparent Diameters of the Planets were much lef 
than hitherto they had been fuppofed to bes, and-in particular, that 


Se ee 


Reafons why the Planet Mercury, feen: in the Sun, will not afford:-fo good an Oppor- 
tunity for determining the Sun’s Parallax as the Planet Venus ; concerning which, in a 
former Differtation (fee Tran/. N° 193.) as well as in the prefent, the Doétor fpeaks 
of the T'ranfit of Venus as that by which alone this great Point can. be obtained. This 
Sight, fays he, which is by far the nobleft that Aftronomy, affords,. like the Secular 
Games, is denied to Mortals for a whole Century by the ftri€t Laws of Motion ; it 
will be afterwards fhewn, that by this Obfervation alone the Diftance of the Sun from. 
the Earth may be determined with the greateft Certainty, which, on account of the 
Parallax otherwife intirely infenfible, hath not ‘hitherto been precifely defined.; and at. 
the Conclufion of that Number, he hath this remarkable Paragraph :: 

Lhe principal Uje of thefe Conjunétions is accurately to determine the Diftance of the Sun 
from the Easth, or his Parallax, which Aftronomers have by feveral Methods attempted in: 
vain, whilft the Smallne/s of the Angles fought, does cafily elude the niceft Inftruments ; 
but in obferving the Ingrefs of Venus into, and Egrefs from. the Sun, the Space of Time: 
between the Moments “i the internal Contaéts may be obtained to a Second of Time; that iss, 
tr Of a Second, or 4!” of the obferved Arch, by Means of an ordinary Telefcope, and Clock 
that goes accurately for fix or eight Hours. 

* ‘The Methods by which the above-mentioned Aftronomers attempted to determine 
the Parallax of the. Sum may be feen at large in their Writings, or in the Aftronomical 
Leétures of Mr. Whiften, Dr. Keil, and. other modern Books of Aftronomy. The moft 
antient,. and by far the moft confiderable Geometrical Method for determining the Pa- 
rallax of the Sun, is that of the famous Diagram of Hipparchus, which was ufed by 
all the antient Aftronomers. The fecond Method is, by the Obfervation of the Luna 
Dichotoma, or Moon, when the is in one of her Quarters, and appears to us exaétl 
bifected. This Way was ufed by Aftronomers of the laft Age. The third Method is, 
by the Obfervation of the Parallax of Mars,. invented by Caffini, and followed by De la 
Hire, Flamfteed, and others. But after all their mot diligent Obfervations, and the 
Ufe of the moft exquifite Inftruments, they could arrive at no greater ‘Precifion than 
this, that the Sun’s Parallax was certainly more than nine Seconds, but lefs than twelve; 
fo that the Diftance of the Sun could not be known within a fourth or fifth Part of the 
Whole ; whereas by the Doétor’s new Method it will be known to an hundred Times 


that Exactnefs, and without any great Nicety or Skill required in. the Inftruments or 
Obfervers, 
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Venus’s Semi-diameter, feen from ‘the Suz, only fubtends the fourth 
Part of a Minute, or fifteen Seconds: and that Mercury's Semi- 
diameter, at his mean Diftance from the Sun, is feen under an 
Angle ten Seconds only, and Saturn’s Semi-diameter under the fame 
Angle; and that the Semi-diameter of Jupiter, the biggeft of all the 
Planets, fubtends no more than the third Part of a Minute at the 
Sua; whence, by Analogy, fome modern’ Aftronomers conclude, 
that the Earth’s Semi-diameter, feen from the Sun, fubtends a 
mean Angle between the greater of fupiter and the lefler of Saturn 
and Mercury, and equal to that of Venus, viz. one of fifteen Se- 
conds ; and confequently that the Diftance’ of the Sun from the 
Earth is almoft 14000 Semi-diameters of the latter *. 

IV. Another Confideration has made thefe Authors enlarge this 
Diftance a little more ; for fince the Moon’s Diameter is {omething 
more than a Quarter of the Earzs’s Diameter, if the Sun’s Parallax 
be fuppofed fifteen Seconds, the Body of the Mooz would be bigger 
than that of Mercury ; to wit, a fecondary Planet bigger than a 
primary one; which feems repugnant to the regular Proportion 
and Symmetry of the Mundane Syftem. 

V. But, on the contrary, it feems hardly confiftent with the 
fame Proportion, that Venus, an inferior Planet, and without any 
Satellite, fhould be bigger than our Earth, a {uperior Planet, and 
accompanied with fo remarkable a Satellite; therefore, at a Mean, 
fuppofing the Earth’s Semi-diameter feen from the Sun, or which 


* Sir Isaac NEwTon collected from Mr. Pound’s Obfervations made with a 
Micrometer applied to the fuygenian Telefcope of 123 Feet, that an Obferver at the 
Sun would fee Saturn at his mean Diftance under an Angle of 16” ;. and Jupiter under 
an Angle of 37’. Mr. Huygens found the apparent Diameter of Jars not to exceed 
11”. Dr. HALLEY himfelf obferved the Diameter of Mercury to be 23” +, and thence 
concludes that of Venus to be 30” at her mean Diftance (fee Philof. Tranf. Ne 386.) 
in all thefe Cafes the Eye is fuppofed to be placed in the Sux. 

Upon Suppofition that the horizontal Parallax is 1 5 Seconds, the Diftance of the 
Sun in Semi-diameters of the Earth is found by the following Analogy. 





As the Tangent of 15” —-— 5,861666 
Isto Unity ~— I Oo 

So is Radius 
To the Semi-diameters 13750 in Hed 








pt 10,000000 


Diftance of the Sun 45138334 


Accordingly if the Parallax be 12” a9 the Diftance of the Sun will come out nearly 
£6500 Semi-diameters of the Earth. 
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is the fame thing, the Szm’s horizontal. Parallax, to. be twelve Se- 
conds and a half, the Mooz will be lefs than Mercury, and the | 
Earth bigger than Venus, and the Sun’s Diftance.from the Earth 
come out nearly 16500 Semi-diameters of. the Earth *. ; 

VI. The. Doctor admits of this. Diftance at prefent, till its pre- 
cife Quantity be made to appear.more certain. by. the. Trial. he 
propofes; nor-does. he regard the Authority of {uch as, fet the Sum 
at an immenfely greater Diftance, relying onthe Obfervations of a 





* A general Method for determining the Proportion of the Magnitude of the feveral 
Planets 1s eafily deduced from the Ratio of their. Diftances from theSun;: which; ac- 
cording to the periodical. Times of their Revolutions, are as follows : 


8 My @ d ¥ Be. 
38710" -° 72333... -Fe0000 152369. 520096 _ 954006 


‘Therefore, let D = apparent Diameter of the Suz. 

: P = ditto of the Earth. , : 
d = the apparent Diameter of the Planet: ; ¥: 
a = Diftance of the Earth from the Sun. 
b = the proportional Diftance of the Planet.. 
S == the real Diameter of the Suz. 
E = ditto of the Earth. 
N= ditto of a Planet. 


hag : 
Then it will be D:P::S:E; and becaufe d x , is the apparent Diameter of the Planet 
feen from the Sav at the Diftance of the Earth, therefore D :a@X Looe Confequently 
a 


Ba ae Bd ¥ ; or E:N::aP:db; whence it appears, that the true Proportion of 
a 


the Magnitudes of the Planet and Earth will be known when the Sun’s Parallax is de- 
termined; and that the Diameter of the Planet is reciprocally proportional to that Pa- 
rallax, or half the Quantity P. 

Upon Suppofition therefore that the Earth’s apparent Diameter is 20’, and that of 
Mercury 20’, then the Proportion of their Magnitude will be as 100000 X 30 to 38710 
X20; that is, as 300000 to 77420, or as 109 to 28 nearly; whereas the Magnitude 
of the Earth is to that of the AZoon as 109 to 30; therefore the Suppofition makes 
Mercury \efs than the Moon in the Ratio of 28 to 30, or of 14 tors. But if the Sun’s 
Parallax be 12” 3, or the apparent Diameter of the Earth 25’, then 100000 X 25 is 
to 38710 X 20 aS 109 is to 34 nearly; in this Cafe, therefore, the Planet § will be 
bigger than the J/oon, in the Proportion of 34 to 30. And the Sun’s Diftance will be 
nearly 16500 Semi-diameters of the Earth. On the other hand, the Swn’s Parallax be- 
ing 15”, that of Venus will be 54’ (fee the Note to Art. VII.), and the Magnitude of 
the Earth and Venus will be as 100000 X 30 to 72333 X 54, or as 30 to 39, nearly ; 
fo that Venus would, in this cafe, be near 3 Part bigger than the Earth. 

vibrating 
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vibrating: Pendulum; which are not, as it feems, accurate enough 
to determine fuch minute Angles; at leaft fuch as ufe this Method 
will find. the Parallax fometimes none at all, and fometimes even 
‘negative; that is, the’ Diftance will become either infinite, or 
more than infinite, which is abfurd; and. it is fcarce poffible for 
any one certainly to determine, by Means of Inftruments, however 
nice,. fingle Seconds, or even ten Seconds; and therefore it is. not 
at all furprifing that the exceeding Minutenefs of fuch Angles. has 
hitherto baffled the many and ingenious Attempts of Artifts *. 

VI. As the:Doctor was making his Obfervations in the Ifland of 
St. Helena, about:forty Years before, on the Stars round the South 
Pole, he happened to obferve with the utmoft Care Mercury pafling 
under the Suz’s Disk; and, contrary to his Expectation, he very 
accurately obtained, with a very good 24 Foot Telefcope, the very 
Moment. in which Mercury, entering the Sun’s Limb, feemed to 
touch it internally, as alfo that of his going off, forming an Angle 
of internal Contact ; whence he difcovered the precife Quantity of 
Time the whole Body of Mercury had then appeared within the Sun’s 
Disk, and that without an Error of one fingle Second of Time; for 
the Thread of Solar Light, intercepted between the obfcure Limb of 
the Planet, and bright Limb of the Suz, though exceeding flender, 
affected his Sight, and in the Twinkling of an Eye both the Inden- 
ture made on the Sun’s Limb by Mercury entering into it vanifhed, 
and that made byhis going off appeared. Upon obferving this, he im- 
mediately concluded, that the Suz’sParallax might be duly determined 
by fuch Obfervations, if Mercury, being nearer the Earth, hada greater 
Parallax when feen from the Suz ; for this Difference of Parallaxes 
is fo very inconfiderable, as to be always lefs than the Suz’s Pa- 
tallax,) which is- fought ; confequently, though Mercury is to be 





* The above Paragraph mentions the Vibrations of a Pendulum as the Means of deter- 
mining the Suz’s Diftance; but I find no mention made of this Method by any other 
Author ; and from the Nature of the Thing, it muft appear precarious, uncertain, 
and infufficient for any fuch Purpofe.. 
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coe : 
frequently feen within the Sun’s Disk, he will {carcely be fit for 
the prefent, Purpofe *. 

VIII. Therefore, there remains Venus’s Tranfit over the Sun’s 
Difk, whofe Parallax, being almoft four Times greater than that of 
the Sun +, will caufe very fenfible Differences between the Times in 
which Venus thall feem to pafs over the Sun’s Difk in different Parts 
of our Earth: From thefe Differences, duly obferved, the Dr. 
affirms, the Sun’s Parallax may be determined, even to a {mall 
Part of a Second; and that without any other Inftruments than 
Telefcopes t and good common Clocks, and without any other 
Qualifications in the Obferver than Fidelity and Diligence, with a 
little Skill in Aftronomy ; for you need not be fcrupulous in finding 








* The Sun’s Parallax having been ftated at 12” 2, the Parallax of Mercury is eafily 
known by the known Ratio of its Diftance from the Sun and Earth; but this will be 
beft explained by a Diagram: Therefore let S be the Sun, M Mercury, and E the 
Earth, whofe Semi-diameter is ET; draw the Lines SE, ST, and M T, then is the 
Angle T'S E = 12” 5 the Sun’s Parallax, and E M T is the Parallax of Mercury, and 
the Difference of thofe Parallaxes is the Angle M T'S. Now as thefe Parallaxes, and 
their Difference, are proportional to the Lines MT, S T, and § M, which are in a 
given Ratio to each other ; they will alfo havea conftant Proportion among themfelves, 
and therefore when any one of them is known,or fuppofed to be known, the others will 
be known according to that Hypothefis. 

For Example; if the Solar Parallax T § E be 12’ 4, then it will be MT: $T (or 
ME:SE):: 6129: 10000 :: 1274: 207 3= TM E, the Parallax of Mercury, 
nearly; then the Difference is 7” 4 for the Angle MT S, on the above Suppofition. 
Now this Difference of Parallaxes is lefs than the Sun’s by more than 4” 45 and fince 
the Parallax of the Sun is to be found by the Difference of the Parallaxes from Obferva- 
tion, the Planet Mercury will not be fo proper for this Purpofe as Venus, where the Dif- 
ference of Parallaxes will be fo much more confiderable. 

+ By the foregoing Proportions of the planetary Diftances from the Sun, the Dif- 
tance of Venus from the Earth is to the Sun’s Diftance as 27668 to 100000; therefore 
fay, as 27668 : 100000: : 12” 4: 45” nearly, which is the Parallax of Venus, from 
which take the Sun’s Parallax 12/4, there remains 32” = for the Difference, or Paral- 
Jax of Venus from the Sun, which is more than four Times as great as that of Aer- 
cury, 7° , found in the laft Note. -Alfo Venus’s Parallax 45” is almoft four Times 
larger than (12” 4) the Parallax of the Sun. 

t If the Sux be viewed with a Telefcope which magnifies about 15 or 20 Times, -it 
will fuffice for fhewing the Contacts of the Limbs of the folar and venereal Difks ; and 
alfo if the Micrometer be adapted in the Focus of the Eye-glafs, the Latitude of Venus 
in the Middle of the Tranfit may be meafured, and thereby her Theory, Motion of her 
Nodes, €¥c. may with great Accuracy be afcertained. h 
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the Latitude of the Place, or in accurately determining the Hours 


with refpect to the Meridian; it is fufficient if the Times be rec-@y 


_koned by Clocks, truly corrected according to the, Revolutions of 
the Heavens ¢, from the total Ingrefs of Venus below the Sun’s 
Difk, to the Beginning of her Egrefs therefrom; whensher opaque 
Globe begins to touch the bright Limb of the Suz; which Times, 
as the Dr. found by Experience, may be obferved even to a fingle 
Second of Time. . : 

IX. But, by the limited Laws of Motion ||, Venus ais very 


a i a tS GSD CE Dean 
. { The Clocks or Watches ufed in obferving this Phenomenon may be eafily cors 
rected, by obferving the Revolution of a fixed Star to a given Object for a few Nights 
before-hand, in the following Manner. Let.a Telefcope, with crofs Hairs in the 
Focus of the Eye-glafs, be fixed in fome convenient Place to obferve the Tranfit of a 
Star over the vertical Hair ; and there let it remain immoveable for fome Time. Then 
obferve the Moments of ‘Time when the Star comes upon the vertical Hair two Nights 
fucceflively, and if the Time of this Revolution of the Watch or Clock, by which 
you obferved it, be juft 23 Hours, 56 Minutes, and 4 Seconds, you will be fatisfied it 
goes true. But otherwife you muff alter it, till you find it will fhew the Return of the 
Starito the Hair fooner by three Minutes and 56” each fucceffive Night, than the fore- 
going. For want of arTelefcope, a {mall Hole made in a Window-fhut, to obferve 
the Difappearing of a Star behind a Chimney, or any opaque Objeé that is fharp, will do 
nearly as well.—T he Reafon of fuch CorreGtion is, becaufe 3’: 56’ of Time, anfwer 
to 59° : 8” of Motion, which is that by which the Motion of the Earth in 24 Hours ex- 
ceeds one entire Revolution on its Axis, which is always made in 2.3": 56/: 4’ precifely. 

The Reafon why no great Accuracy in regard to the Latitude of the Place is necef- 
fary, will appear hereafter. Nor is it requifite to define the Hour of the Day for the 
feveral Phenomena of the Tranfit; the Difcovery of the folar Parallax depending 
only upon the true Quantities of the Duration thereof, and their Differences, as ob- 
ferved in two diftant Places, on oppofite Parts of the Meridian. 

| In Tranf. N°. 139 here referred to, the Dr. has fhewn from the Theory of Venus’s 
Motions, the Method of afcertaining the Times when fhe will tranfit the Sun’s Difk, 
both at the afcending and defcending Nodes, and tabulated them as below. 


In the Month of May. 
Year!Time of Conj.|Dift. from Cent. ; 





In the Month of NovEMBER. 
Year!T ime of Conj.|Dift. from Cent. 
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N. B. In the Tables A denotes the Tranfit over the fouthern Part of the folar Difk, 
and B over the northern Part. And by adding 11 Days to the Old Stile of the Tables, 
they are adapted to the New. 
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tarely feen within the Sun’s Disk; and for a Series of 120 Years 
and upwards is not to be feen there once; that is, from 16 39, when 
Mr. Horrox was favoured with this agreeable Sight, and he the firft 
and only one fince the Creation of the World, down to 1761 §; 
at which Time, according to the Theories ‘hitherto found agreeable 
to the Heavens, Venus will pats under the Suz on May 26 in the 
Morning *; fo that (vide Phil. Tranf. N°. 193.) at London, al- 
moft at fix o’Clock in the Morning, fhe is to be in the Middle of 
the Sun’s Difk, and but four Minutes more foutherly than his Cen- 
ter; the Duration of this. Tranfit will be almoft 8 Hours; that is, 
from two till almoft ten o’Clock in the Morning, and confequently 
her Ingrefs will not be vifible in England; for the Sun at that 
Time being in 16° of Gemini, and almoft in 2 3° of north Declina- 
tion, fhall be feen not to fet throughout the whole northern frigid 
Zone ; and confequently the Inhabitants of the Coaft of Norway, 
as far as its northern Promontory beyond the Town of Drontheim, 
may obferye Venus entering the Sun’s Disk, and perhaps this Ingrefs 
into the Sun at his Rifing, may be feen by the Inhabitants of the 
North of Scotland and thofe of Zetland; but when Venus is neareft 

the 
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§ Mr. Horrox (whofe Life is in Page 271 of our BrocRAPHIA PHILOs.) from 
his Skill in Aftronomy was able to predict the Tranfit of Venus in 1639 ; and having 
acquainted Mr. Crabtree therewith in a Letter dated OZober 26, 1639, he defired him 
to obferve it with all Attention poffible, and particularly to meafure the Diameter of 
Venus, which, fays he, Kepler has made 7’, Lanfbergius 11’, but I can make it no more 
than 1’. | 

Accordingly when the Day came, he made his-Room dark, and took in the Sun’s 
Difk through a Telefcope om a Paper Screen, and there obferved the Tranfit, and 
found Venus’s Diameter to be nearly 1%: 10%. After this (on April 20,-1640) he 
wrote to Mr. Crabtree, to inform him a fecond-‘Fime; how much he had made the 
Diameter of the Planet in his Obfervation ; for, fays he, ‘“* That I have forgot, but I 
** remember what elfe you obferved very well. Hence it appears that this Tranfit was 
obferved by Mr. Crabtree as well as by himfelf, and that they mutually compared their 
Obfervations on the Subje&t. Of this Phenomenon Mr. Horrox gave a large Account 
in a Tract he publithed, entitled, Venus in Sole vifa, which 22 Years after was pub- 
lifhed by Hevelius with his MWercurius in Sole vifus. 

* According to the Theories, on which the Tables publifhed by Caffini, Flamfteed, 
and Street, were conftruéted, the Calculation of the preceding Tranfit (in 1639) an- 
fwered very well to Obfervation. For by Mr..Horrox, the geocentric Longitude. of 
Venus was obferved to be 7s : 14° : 267: 30” at the Time of the total Ingrefs, and the 
Caroline ‘Tables. give but 1” more. Again the obferved geocentric Latitude at the 
fame Moment was 10’: 27”, and by the ‘Tables it was 10’: 30. Since'then, the 
‘Theory of Venus anfwered fo nice] y to Obfervation at that Time, one might Fr it 

fhould 








E oA 
the Sun’s Center, the Sun will be vertical to the northern Confts of 
the Gulf of Ganga, or rather of the Kingdom of Pegu; and con- 


fequently’ 


fhould do fo now; and therefore I fhall give the Reader a Summary of the Calculation 
for the appreaching Tranfit, which I have made from the fame Tables. 














The mean Motion of Venus. OT eas Gigi oe 
A. D. 1761 ee —— 2 16 34 5s¢ 
Ford 2 nes a 6. 12. 15° 20 
Days 25 ——— ome Ce kee ee 
Hours 17 a 5 ee 
Minutes 557 ee pen ah Aes Raa WA” 
The mean Anomaly of Venus — aad Ore Lee at en Soe 
ee 
The heliocentric Longitude of Ditto 9 —__—s 7 15° 42°36 
Preceffion of the Equinox add oes — 29 46 16 
Longitude from the Equinox = aw 8 15 28 | 36 
Place of the Earth — — = Bi kG 35) 37 
Difference ~~ om aaa = Ch: aa Ae 
Place ofthe Node 9 ms: —_ — ee ae ° 
Diftance of Venus from 29 —_- — vans NsiGt 26 36 
Diftance of Earth from 99 _ Sher l SH 36 BneOt 33° 57 
Inclination 8 South --- == --- Og OL 1 34 
Curtate Diftance of Venus --- ro (072668 
Diftance of the Earth ~-= ~-- IO1557 
As the Sum --- a-= —~—= 174225 “<= 5241099 
To the Difference --- ~-- 28889 —— 4.460732 
So is the Tangent of 3 Sum of --- 89°: 56’: 30” --= 12.9966832 
To Tangent of 4 the Difference 8g : 39: 6 mmm 12.216316 
The Parallax of the Orbit | --- 179: 35 > 36 
The Elongation of Venus — --- (a Me ye 
Then, as the Sine of Commutation tice ate was 0,84.5098 
To the Sine of Elongation = Tf oes 15240549 
So is the Tangent of Inclination 5 ace --~ 6,658703 
73899252 





To the Tangent of the Latitude of pe gp Wiring ie. 
Venus, as {een from the Earth --- f S ale Pea 1054154 
Cc 
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[ 10 } 
fequently in the neighbouring Countries, when the Sun thall, at 
the Ingrefs of Venus, be almoft four Hours diftant to the Eaft, and. 
almoft as. many to the Weft at her Egrefs, her apparent Motion 
within the Suz’s Disk will be accelerated almoft twice as much as 
is the. horizontal Parallax of Venus from the Suw; becaufe Venus at 
that Time moves retrograde from Eaft to Weft; whilftin the mean® 


Time an Eye; on the Surface of the Earth, is carried the contrary 
Way from Weft to Eaft. 





“Thus it appears, that at the Middle of the*Tranfit Venus will be diftant from the 
Sun’s Center 3’ : 54” ; and becaufe the Dr. makes it but 4’, it is plain he computed by 
the fame Theory or Tables, But by his own ‘Tables lately publifhed, this: Latitude 
or Venus is made 9’ : 51”, as appears by Mr. Metcalfe’s. Computation in the following 

able. 


6 Fune 1761, Apparent Time A. M.. h..> mics 
Firft Conta& on --- men 2 6 ae 
Central Ingrefs ~-- — --- 2° 14s 
‘Fotal Immerfion mn --- a Pe Se te 
Middle of the Tranfit “= -- --|5 24 17 
Neareft Approximation of “Centers --- 5.242 
Ectiptic Conjunction -- -- —- 5 AQ> Bae 
Emerfton ee -- — 8 20 192 
Central Egrefs -- a os 8. 9e emg 
End of the Franfit oe -- ae 
Central“Duration -- “= -- 6 164 942 
_ Duration of the Tranfit me -- |6 37 49 
Lat. of 9 at the ecliptic Conjunction: a= of 51" 720" 
Horary Motion of Venus from the Sun a 2 SOs 


A French Author in his Ephemerides has alfo made the Latitude and other Phenomena 
different from either of the foregoing. ‘The Particulars. whereof for the Meridian. of 
Paris, are as follow. 














Weuot a 
The Ingrefs begins. --  -- 13 47 - 
is Central os 13 58 
‘Total ~_ 14. 10 
Middle of the Tranfit = -- 17 4 
| Egrefs begins -- 20 . 
Central ~= 20. 26 
Total == 20 42 
Duration of the Tranfit -- 6 55 





Latitude at the Conjun@tion -- 8% 57” 


Befides the Parallax, another great Ufe of the Tranfit will be to determine which of 
thofe differing Theories, or Sets of Tables, are neareft the ‘Truth. 
; x. Sup- 





[rr] 

X. Suppofing the Sun's Parallax, as was faid, ‘to bé twelve Se~ 
conds and a Half, Venzus’s Parallax will be forty-three Seconds; and 
fubtracting the Swn’s Parallax, there will remain half a Minute at 
leaft for the. horizontal Parallax of Venus from the Sun, and confe- 
quently Venus's Motion will be accelerated 3 of a Minute at leafy 
from that Parallax, whilft the paffes over the Sun’s Disk, in fuch 
Elevations of the Pole as are near the Tropic; and {till more {0 in 
the Neighbourhood of the Equator; for Venus will at that Time 
accurately enough defcribe within the Sun’s Difk four Minutes an 
Hour, and confequently at leaft eleven Minutes of Time (by which 
the Duration of this Eclipfe of Venus will be contracted by Reafon 
of the Parallax) anfwer to 8 of a Minute; and by this Contration 
alone we might fafely determine the Parallax, provided the Sun’s 
Diameter and Venus’s Latitude were very accurately given, which 


yet we cannot poflibly bring to a Calculation, in a Matter of fuch 
great Subtilty *. : 


XI. There- 
Bc lah a eed oils aor2d) mom bap tad oft 


* What relates to the Geographical Phenomena of the Tranfit, we have fhewn in 
the INTRODUCTION, by the terreftial Globe, which is infinitely preferable to any 
Maps, Planifpheress or Projections of any Kind for this Purpofe ; for they rather puzzle 
and perplex the ungeometrical Reader; but the Globe makes every Circumftance 
natural and eafy. 

In the Figure to Article VII, ‘TS is a Line drawn from the Spectator’s Eye at T on 
the Earth’s Surface, to the Center of the Sun ; and TM another Line drawn from the 
Eye to the Center of a Planet M; the Angle S T M which they contain, is called the 
Parallax of the Planet from the Sun, or the Difference of Places in which the Centers 
of the Sun and Planet appear from the Surface of the Earth at T, while at the fame 
‘Time they appear from the Center E in the fame Point or Line EM S. 

This AngleS TM=TME— TSM, oritis equal to the Difference between 
the horizontal Parallax of the Planet and Sun 3; which, in the Cafe. of Venus, is 327”; but 
if we make the leaft of it, and take the Do@tor’s Number 20” for the Parallax of Venus 
from the Swns then fince Venus’s Motion upon the Suz’s Difk is 4’. of -a Degree per 
Hour (as appears from her Theory) ; therefore if we fay, as 240” of Motion: 60” of 
Time: : 30” of Motion : 45” of ‘Time, which is 3 of a Minute, by which the Du- 
ration of her Tranfit is hourly contraéted, But fince the Tranfit is contraGed at each 
End equally by the Paratlax, the whole Contraétion will be in Proportion to double 
that’ Parallax, or to 60” of Motion, which is 1’ 30” per Hour in Time. And fince 
the whole Motion of Venus over the Difk as feen from the E£arth’s Center, is perform- 
ed in about 7 Hours and 20/ (according to the Dottor’s Hypothefis) therefore 7,3 j= 
11”, the whole Contraction ; fo that to a Perfon at Bengal, the Duration or the Tran- 
iit will be but 7 Hours and 9 Minutes. 

Now fince this Motion of Venus is eftimated in Minutes of a Degree on the Swn's 
Difk, therefore if the Sun’s Diameter, and Venus’s Latitude, or Diftance from * the 

Center of the Sun at the Middle of the Tranfit could be accurately known,-then from 


- a 
eg 
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XI. Therefore we muft have another Obfervation, if poftiblé, in 
Places where Venus pofieffes the Middle of the. Sun at Midnight, 
under the oppofite Meridian ; that is, 6” or go° more wefterly than 
London, and where Venus enters the Sun's Disk a little before his 
Setting, and goes off a little after his Rifing; which will. happen 
in the faid Meridian in about 56° of N. Lat. that is, at Ned/on’s 
Harbour in Hud/on’s Bay; for in the neighbouring Places Venus’s 
Parallax. wall protract the Duration of the Tranfit, and make it at 
Jeaft fix Minutes longer; becaufe whilft the Sw feems to tend un- 
der the Pole from Weft to Eaft, thefe Places on the Earth's Surface 
will feem to be carried with a contrary Motion.towards the Weft; 
that is, with a Motion con{piring with the proper. Motion of Ve- 
nus; confequently Venus will feem to moye flower. within the Sun’s 
Disk, and continue longer thereon si 


XII. If 
insnahprnpcepaamnttineetieisblanoerememnnah toe eniee apne otis dpintacda este ecg eae 


a fingle Obfervation made in Parts near the Equator,.the Parallax of Venus from 
the Sun, and from thence the Sun’s Parallax itfelf, might fafely be determined. But 
{ince the Latitude of Venus is at prefent uncertain from Theory, and can only be de- 
termined at the ‘Time of the Tranfit,. we have no Way left but to make as great’a Dif- 
ference as we poflibly can between the Durations of the Tranfit, as obferved at two 
different Places. As the Parallax of. Venus from the Sua will-be the Caufe of that Dif- 
ference, it is plain the more we can.contrive to magnify the Effect, the more compleat- 
ly we fhall be able to difcover and eftimate the Caufe. “And for this Purpofe, another 
Part of the Earth muft be chofen, ina very. different Parallel,, and on the oppofite 
Meridian, as willbe fhewn in the next Note. 

+ That the Difference of the Durations of the Tranfit may be as great as :poffible, 
the two Obfervations are to be made in Places. where the Beginning and End can-both be 
obferved, and where the Velocity of Venus’s Motion-will be as different as fuch a Con+ 
dition will admit of ; the Place therefore to which we are delegated for a fecond Obfer- 
vation, is Port Nel/on,.at the Mouth of Yoré River in Hudjon’s Bay, in the Parallel of 
56° Lat. ‘The geographical. Reafons for all which, are explained by the terreftrial 
Globe, in the Introdution. : 

As at Bengal the Tranfit is contracted, by Reafon the Spetator’s Eye is-there car- 
ried in a Direction.contrary to that of Venus’s Motion ; fo on the oppofite Meridian, 
at Port Nelfon, the Motion of the Spectator will confpire with that of Venus, and by 
that Means protrac the Continuance of the Tranfit, as is evident from the Principles 
of Mechanics. 

But the Quantity by which. the Duration of the Tranfit is contraéted in one Cafe, 
and protracted in the other, is proportioned to the Chord of the Arch through’ which 
the Spectator is carried by the Earth’s diurnal Motion from the Beginning to the End 
of the faid. Tranfit ; thefe Chords are,, in the Parallel of the Ganges, 22° 30’, and of 
Port Nelfon 56°, as the Numbers 148 to 92 (as will appear hereafter) therefore fay, as 
148 : 92: : 117:.63. Wherefore at Hudfon’s Bay the ‘Tranfit will be prolonged.6” 50”, 
or its Continuance will be 7° 26’ 50”. ; 

r That: 


ay as 


[ong 
XII. If therefore, in both Places this Tranfit happen to be duly 
obierved by proper Perfons, it is evident that the Mora will be 
| longer 


That the young Aftronomer (for whom this Comment is.intendéd) may more rea- 
dily fee the Reafon of the whole Affair, as far as Calculation is concerned in it, I fhall 
lay before him a Specimen of a more accurate Computation for both Latitudes, which 
he will fee iluftrated by the Diagram in the Introdu@ion; where A F E G is the 
Earih’s Equator; GH, the Orbit of Venus; 4 BC, the Sun;, YD Z, the Path 
of Venus of the folar Difk. When therefore Venus juft touches the Sun’s Limb inter- 
nally, it will appear to an Eye at C, the Earth’s Center, in the Line C Y, and the 
Place in her Orbit is at S; but when fhe touches the weftern-Limb internally at Z, 
then the ye.at C views her by the Ray C Z, and in the Orbit at V. So that 8 V is 
the Arch.of angular Motion. defcribed in 75.: 20% of Time, and is 110 Degrees, in the 
Equator == KL. Ts 

Let B I D H’be the Parallass of 22°: 30’; and a 6 the Chord of the Arch a I 4; thro’ 
which the Eye is moved. by the diurnal Rotation of the Earth, in 75: 9’, from b to a, 
which is 107°. Draw through.S the Ray 6S w, alfo the Ray 6 Y ; then will the An- 
gle w b Y (the Parallax of Venus ftom the Sun), fhew her at a Diftance from the Sua 
to an Eye at b in Bengal, when fhe is totally within the Difk, viewed. from the Center 
€. But-when the Planet arrives-at T, it is evident, the Ingrefs: appears compleat to 
the Eye at b..’Therefore it will happen fo much feener at than at C, as is equal to the 
‘Time fpent in defcribing the Arch $ T. (ata 

Again, let.cfdbe the Parallel of 56°, and let the Eye of the Spectator at Port Nel- 
fon be at c, to view the entire Ingrefs by the Ray c R Y ; thenit is evident the Planet 
at. K willbe there feen in the Suz fooner than at the Center C, by the Time the Planet 
takes in defcribing the Arch RS. Note, cd is the Chord of the Arch ¢c d of the Pa- 
rallel through which the Eye: is.carried in the Time of. 7°: 26 £5 and is equal to 
111°: 45’ of diurnal Motion. 

Therefore the Difference between the Moments of the entire Ingrefs as viewed at the 
Ganges (4) and at Port. Nelfon under the oppofite Meridian at (c) will be the Time in 
which Venus will pafs over the Arch R'T.. The whole Difference therefore of the two 
Durations will be double that Time, fince. the Parallax gives the fame Difference of 
‘Time for the Egrefs.as for the Ingrefs,. which Difference therefore is 17’: 50”. 

Since the middle Moment of the Tranfit is nearly the fame to an Eye at the Earth’s 
Center C,. and to a Spectator at I, it is evident, the Difference which.is made in the 
Time of. the firft half Duration at thofe Points C andI, is occafioned. by the Motion of 
the Eye through the Arch 4 J, which is the very fame as would happen af the Eye were 
carried in the right Line, or Chord ad, from 6 to.e. And therefore that: Difference 
will be as the Sine 4 ¢ of half the Arch 1 a= 107, or the Sine of 53° : 30%. 

In like Manner it is fhewn, that the Difference of the half Duration of the Tranfit 
at € and.c, is proportioned to. the right Line cg, or Sine of (half cd) 55° : 30° at 
leaft. “Therefore the whole Difference of the Semi-durations at Bengal and Port Nel- 
Jon, will be as. the Sum of thofe Lines, or Sines, viz. as be + cg. 

' If therefore in the Zarth’sSemi-diameter C A continued out, we take CM==4 e-t cg, 
and draw the Line M Y, to cut the Orbit of Venus in Q, and join QC; then it is 
plain, there will happen the fame Difference in the Time of .the Beginning of the 
‘Tranfit to an Eye placed.at C, and another at M, as there.will beto the two. Spectators 
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longer by 1% entire Minutes in Nelfon's Harbour than in the Eaft 
Indies; nor does it matter much whether the Obfervation be made 
at Port St. George, commonly called Madras, or at Bencoolen on the 
weiftern Coaft of the Ifland of Sumatra, near the Equator; but if 
the French fhould incline to make the Obfervation, Pondecherry on 
the weftern Coaft of the Gulf of Ganga, at the Elevation of 12° 
will be a proper Place for the Purpofe; and for the Dutch, Batavia 
their famous Emporium, is a fit Place: And, indeed, the Dr. would 
have feveral Obfervations made of the fame Phenomenon in diffe- 
rent Parts, both for further Confirmation, and‘lefta fingle Obferver 
fhould happen to be difappointed by the Intervention of Clouds 
from feeing what the Dr. does not know if thofe either of the pre- 
fent or following Age thall ever ‘fee again ; and upon which the 
certain and adequate Solution of the nobleft, and otherwife moft 
difficult Problem depends ; therefore the Dr. again and again recom- 
mends it to the Curious {trenuoufly to apply themfelves to this Ob- 
fervation. 

XIII. By this Means the Svn’s Parallax may be difcovered to with- 
in its five hundredth Part, which doubtlefs will feem furprifing to 








at (d) and (c). Alfo that there wiil be the fame parallatic AngleS C Qin each Cafe, 
or the Arch QS=(ST-ESR=)RT. 

‘Then becaule the Sun’s Diameter 4'E = 31’, the Angle Y C Z will be = BAY (aid 
nearly ; and therefore as the Arch S V, which meafures that Angle in the Orbit of Venus 
is palled over in 7? 20’ == 440’ 5 and-an Arch =2 QS in 17’: 50%; if we fay as 
20400” : 1076” : : 290% 30 == 1770" : 72”; the half of which is 36” =5 CQ, the 
Parallax of Venus from the Sun for the Bafe or Diftance C M, 

If the Earth’s Semi-diameter A C == 10000, then the Sine of §2°\: 90° emily f 
7426 ;. and the Sine of 55° : 30’ ==¢ g = 4629; whence their Sum is CM = 12055. 
We have alfo fhewn (Note to Article [X) that the Diftance of the Earth from the Sun 
C Y = 10155,7 and the Diftance of Venus Q Y = 7266,8; from whence the Diftance 
of the Larth trom Venus will be found 2923,4== CQ. Therefore fay, ar QY= 
726 : 36% ==SCQ::QC= 292: 14” 30” = CY Q or C YM, which is the 
Parallax of the Sun for the Diftance CM. (And therefore alfo the Parallax of Venus 
MOC te sos Jo's 

But laftly, to adapt thefe horizontal Parallaxes of the Sun and Venus to the Earth ; 
we muft fay, as C.M ma12: A'C==10:: 507 36” : 46” 34°” == A QC, the hori- 
zontal. Parallax of Venus. And 12:10:22 14” 307 : 12” 5’” = A YC, the hori- 
zontal Parallax of the Su, on the Suppofition that the different Duration of the Tranfit 
in the Latitudes of 22° 30’ and 56° be obferved to be 19D BOs | 

And if the Obfervation be made at Fort St. George, Bencoolen, Pondecherry, Batavia, 
or other Places near the Eguator, it is evident the Chord a d will be greater, and the 
Difference of the Durations will ftill be longer, and therefore give the Sun’s horizontal 
Parallax in Proportion more accurately. 

fome ; 
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fome¥ yet notwithftanding, if an accurate Obfervation be had in 
both Places abovementioned, it -has already been fhewn, that the 
Duration of thefe Eclipfes of Venus difter from each other by 1 
entire Minutes, upon the Suppofition that the Sun’s Parallax is 12 
Seconds and a Half; and if this Difference be found to be greater 
or lefs by Obfervation, the Sun’s Parallax will be greater or lefs al- 
moft in the fame Ratio; and fince 17 Minutes of Time anfwer to 
12 Seconds anda Half of the Suv’s Parallax, for each Second of 
the Parallax there will arife a Difference of upwards of 80 Seconds 
of Time; therefore if this Difference be had true within two Se- 
conds of Time, the Quantity of the Sun’s Parallax will be had to 
within the fortieth Part of one Second; and confequently his Dif- 
tance will be determined to within its five hundredth Part at leaft, 
if the Parallax be not found lefs than what the Dr. {uppofes it ; 
for, 40 x 12 and2is 500 *. 

XIV. Here the Dr. has had no Regard to. the Planet’s Latitude, 
both to avoid the Trouble of a more intricate Calculation, which 
would render the Conclufion lefs evident, as alfo on Account of 
the Motion of the Nodes of Venus not being hitherto difcovered, 
and which cannot be duly determined but by fuch Conjunétions of 
the Planet with the Svz as this; for it was only on the Suppofition. 
that the Plane of Venus’s Orbit is immoveable in the Sphere of the 





* It appears by the laft Note, that if the Difference of the Duration of the Tranfit 


at the Eaft Indies and Hudfon’s Bay be 17’: 50’”==1070”, then the Swn’s horizontal. 


Parallax will be 12’ at leaft; therefore 1970/: 12: : 1: gd2g=pychu Of 12/5 or 
each Second of the Difference ‘in. Duration will correfpond to the 1070th Part of the 
whole Solar Parallax. "Therefore the Diftance of. the Sun, which. is proportional to 
the Parallax,. will,.in this Cafe, be difcovered.to be within atleaft a.roooth Part of 
the Whole. 

But if the Nodes of Venus’s Orbit have a retrograde Motion, and fo:occafion her to 
pals over the Difk with a much more fouthern Latitude, according to the DoGtor’s own 
‘Tables, the (ora will be lefs, as alfo the Difference of the Tranfit’s. Duration at the 
above Places; but though it fhould be found to be but one half the Quantity we have 
now fuppofed it, yet even then it will give the Sun’s Parallax and Diftance to within a 
sooth Part of the Whole; which:is more than:100'Times the Accuracy our beft Ob- 
fervers could ever yet pretend to ; for they have only difcovered that the Sun’s Parallax 
is more than 9”, but lefs than 12”, and {fo leave us in-doubt about a fourth Part of the 
Whole; which, according to our prefent Reckoning,, is not lefs than (20000000, or 
twenty Millions of Miles. And indeed if we make the beft ufe poffible of this moft fa-~ 
vourable Opportunity, we muft after all fit down with the difagreeable Affurance, that 
we can never arrive to the Knowledge of the Sun’s true Diftance within 80.0r 100 thou- 
Sand Miles. 7 , 


fixed 
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fixed Stars, and that. her Nodes would continue in the fame Places 
wherein they were in 1639, that it was. concluded that Venus would 
pafs four Minutes below the Swn’s Center: And if in 1761 the 
fhould pafs more foutherly, it will be evident that there is a Re- 
greflion of the Nodes; but if more northerly, that there is a Pro- 
greflion of them; and that at the Rate of five Minutes and £ in 
100 “Fulan Years, for each Minute, by which the Path of Venus 
will at that Time be more or lefs diftant from the.Sun’s Center than 
the faid four Minutes; but the Difference between the Durations 
of thefe Eclipfes will be fomewhat lefs than 17 Minutes, by Rea- 
fon of the fouthern Latitude of Venus ; but greater, if, by the Pro- 
greflion of the Nodes, fhe fhall pafs over the Suz to the North of 
his Center -. 

XV. But 





+ What the Latitude or Diftance of Venus will be from the Center-of.the Sun at the 
true Conjun@tion cannot be known, till it be determined at what Rate the Nodes of 
Venus’s Orbit do move ; which may be eafily difcovered at the Time of the Tranfit, 
but hardly by any other Means. But in order to elucidate what the Doétor fays farther 
-in this Paflage, we add the following Diagram : 





Let ABD be the fouthern Half the Sun’s Difk, C his Center, N D a Portion of 
the Ecliptic, E the Place of the Node in.1639, E H the Path of Venus at that Time, 
and C G her neareft Diftance from the Sun’s Center ; then it is plain, if the Node E 
be at Reft, or continues ftill in the fame Place, then alfo E H will now be her Path, 
the fame as before; for the Angle C E O, which her vifible Path makes with the 
Ecliptic, will always be the fame, whether the Nodes move or not, as we fhall fhew 
hereafter. 

It will alfo. be fhewn, that the Angle C E O.is 8° : 28’, and fince C O=2’; there- 
fore in the right-angled Triangle C E O we have this Analogy, as Sine CEO = 80 
28: C O=4:: Radius: CE = 27’= the Node from the Sun’s Center. Then if 
we take OK = OI = 1, we fhall have CK = 6’, andCI = 3; and then it will 
beCO:CK:: (4:5::)CE:CN:: 27: 33.8; whence CN—CE—EN— 
6,8=the Space through which the Node mutt apparently go forward, to caufe Venus to 
pals one Minute more foutherly in the Path N K:G, or lefs fo in the Path PIF > for 
N E=E P, as all her Paths are parallel. 


in 
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XV. But for the Sake of fuch as are not thoroughly acquainted 
with the Doétrine of Parallaxes, the Doétor further explains the Mat- 
ter, both by a Figure, and a fomewhat more accurate Calculation: 
Therefore, fuppoting that at London, May 2%. 17% 55' 1761, the 
Sun be in 15° 37' of Gemini, and confequently, that at his Center, 
the Ecliptic tends towards the North in an Angle of 6° 10’; and 
that the vifible Path of Venus within the Sun’s Disk does at that 
Time defcend towards the South, forming an Angle with the Eclip- 
tic of 8° 28’; the Path of Venus will tend a little towards the 
South in refpeét of the Equator, interfecting the Parallels of De- 
clination in an Angle of 2° 18’: Suppofing likewife, that Venus be 
near the Sun’s Center at the faid Time, and diftant therefrom to- 
Peal tamer os Gar TL EYE SEE EL Meee eee | ROOM anRe Ss A ae RET SPRY") 


The Doétor in his Tables places the afcending Node in II : 139° 39 Aa’. ae the 
Beginning of the Year 1661; and in the Year 1761 the Place of the fame Node 
is IL: 14°: 29’: 24 ; the Motion therefore of the Node in 100 Fulian Years will 
be 51’ 40%. From the Year 1639 to 1761 are 122 Years; therefore, as 100: 
517 40% +: 122 : 63 = Space thro’ which the Node moves forwards in 122 Years; 
but the Equinox in the fame Time recedes 99’, therefore the appdfent Motion of the 
Node} will be retrograde at the Rate of 36’ in 122 Years: fince therefore Venus’s Dif- 
tance from the Node in our Calculation is 26’ : 36° (fee Note * to Art. IX.) to which 
a geocentric Latitude of 4’ correfponds; if we add the above Motion of 36/ to 26’ =, the 
Sum is 624, by which the Node will be diftant from the Planet; and therefore fince 
26 36%: 4°:: 62: 9 ¢ nearly; therefore if the Do&tor’s Tables are right, we expect 
the neareft Approach of Venus to the Sun’s Center to be about 9 + Minutes. 

Here we cannot but obferve how little was known, or faid, of the Motion of Venus’s 
Nodes about'40 years ago: It is certain the Door knew of no fuch Motion when 
he wrote this Eflay; and I never could find the leaft Mention of any fuch Thing in any 
Pieces he afterwards publifhed. Sir Z/aac Newton pofitively denies fuch a Motion, and 
his learned Commentators the Fefuits, and other Aftronomers fince, as Mr. De la Cuailé, 
&c. Indeed a {mall Motion of the Aphelia and Nodes will accidently arife from the 
perturbating Forces of the larger Planets; but this is too fmall to be regarded in the 
‘Theory of Mercury itfelf. 

Nay, Dr. Halley has himfelf attempted to prove there is no fenfible Motion of the 
Nodes of the Planets; for he found that of Mercury to amount to no more than 39° +50" 
in 46 Years; and 38’ : 20” of this was owing to the Receffion of the Equinox, and there- 
fore the proper Motion of the Nodes was only 1’: 30” in fo long a Time. Therefore, 
fays the Dogtor, we may fafely affume the Plane of the Orb of Mercury to be immoveable in 
the Sphere of the fixed Stars. 

And indeed the Motion of the Nodes of Mercury which is found in his Tables, is 
only 1°: 23’: 20” in 100 Years, which is the very fame with that of the Eguinox it- 
felf. The fame Motion of the Node is alfo allowed to Fupiter's as alfo to the Node 
of Mars, though mifprinted 1° : 3: 20%. But for what Reafon we have the Motion 
of Venus’s Node 51’: 40’, and the Motion of Saturn’s Node 30’, the Editors of thofe 

ables have not thought fit to acquaint us. I fear there is too much Reafon for their 
Exclamation — Utinam Auétor, dum viveret, illas edidiffet. See further concerning the 
Motion of the Nodes, in a particular Difcourfe hereafter, 





— 


wards 


1 et Oe Re 













































re ga 











[ 18 ] 
wards the South four Minutes, defcribing by a retrograde Motion 
on the Szn’s Difk four Minutes an Hour; the Sun’s Semi-diameter 
will nearly be 15’ 51”, and that of Venus 37" and +; and fuppofing, 
for Trial Sake, the Difference of the horizontal Parallaxes of Venus 
and the Su to be 31", fuch as it is on the Suppofition of the Sum’s 
Parallax being 12’ and : *, 

XVI. Therefore let a fmall Circle, as A B D Fig. 3. be defcribed 
from the Center C, whofe Semi-diameter let be 31”, reprefenting 
the Farth’s Ditk, and therein drawing D a 6 E and c de the Ellipfes 
of the Parallels of 22 and 56 Degrees N. Lat. in the fame Manner 
as is now ufed by Aftronomers for conftructing Solar Eclipfes; let 
BCA be the Meridian wherein the Suz is, to which let be in- 
clined the Right Line FH, reprefenting the Path of Venus in an 

Angle 





* Weare now come to the moft material and effential Part of the Doétor’s Effay, 
wherein the Tranfit is more directly explained by Calculation, Projection, and Inftru- 
mental Menfuration ; but with fo much Brevity, as to require fome Degree of Iluftra- 
tion for duly underftandinz every Part. 

The Sun’s Place: being given in Gemini 15° : 37’, there is given in a right-angled 
{pherical Triangle, the Hypothenufe = 75°: 37’, and the Angle at the Bafe = 23° 
30’ = Obliquity of the Ecliptic, to find the Angle at the Perpendicular, which will come 
out 83° 50’, the Complement of which is 6°: ro’, which Angle the Ecliptic makes with 
the Parallel of the Sun’s Declination; and therefore is the Direétion of the Ecliptic North- 
wards in that Point which the Suz then poffeffes. 

It is farther faid, that the vifible Path of Venus makes an: Angle with the Echiptic of 8° 
28’. . To illuftrate this; let N C be the Ecliptic, N the Node, and N B the proper 
Orbit of Venus, whofe Inclination is the Angle CN B = 3°: 24’. Then fuppofe the 
Earth and Venus were viewed from the Sun, and were at any Moment to fet out toge- 
ther from the Node N, then in one Hour the Earth would appear to pafs over the Space 
of 27: 28” = 148” = NE; and in the fame ‘Time Venus will pafs over 4f = 2407 = 
NV. Through the Point V draw the Line E A, and that will be a Diredtion or ap- 
parent Path of Venus to an Eye on the Earth in the Ecliptic at E. But in the Triangle 
N E V, there are given the two Sides N E and N V, and the included Angle at N, to 
find the Angle at V, which therefore is known (by Inftit. 719). Then the Angle 
VEC=N+4- V (by 632) = 8° 28’. And becaufe the mean Motions of the Earth 
and Venus are conftant, the Spaces defcribed by them in the fame Time, will be al- 
ways in the fame conftant Ratio, and therefore the Angle A E C will be invariable. 

Since therefore the Ecliptic tends Northwards of the Equator 6° : 10’, and the Orbit 
of Venus tendg,Southwards of the Ecliptic 8° : 28’; therefore Venus will tend Southwards 
an Regard to the Equator in the fmall Angle of 2° : 18’. As to the A4otions, Semi-diame- 
ters, and horizontal Parallaxes of the Sun, Venus, and the Earth, they are taken from 
the Tables for any given Time. | 

Note, If the Difk of the Earth, and the Pofition of Venus’s Orbit were pro- 
jected on a Plane, as feen from the Sua, then the Axis of the Ecliptic and that of Venus’s 
Orbit would both lie on the fame Side of the Axis of the Meridian B C A; in this 
‘afe, there is no retrograde Motion of the Planet ; but fince this retrograde Motion 

7 aS 
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Angle of 2 18’, whofe Diftance from the Center C let be 240 Parts, 
whereof B C is 31, and from C let fall the Right Line C H perpen- 
dicular upon F G ; and fuppofing the Planet in H at 17° 55! or o* eo! 
in the Morning, let the Right Line F GH be divided into the Ho- 
rary Spaces III. IV, IV. V, V. VI, &c. equal to C H, that is, four 
Minutes ; let the Right Line K L be alfo equal to the Difference of 
the apparent Semi-diameters of the Suz and Venus, or 1 gs’ 13" ands; 
and the Circle defcribed with the Radius K L, and from any Point 
within the {mall Circle, reprefenting the Eart#’s Difk as a Center, will 
meet the Right Line F G in the Point denoting what o’Clock it is 
at London, when Venus fhall touch the Suz’s Limb in an Angle of 
internal Contact in that Place of the Eart/’s Superficies that lies un- 
der the affumed Point on the Difk ; and if a Circle defcribed from 
the Center C, and with the Radius K L, meet F G in the Points 
Fand G, the Right Lines F H, H G will be = 14! 41”, which 
Venus will appear to pafs over in 3° 40's therefore F will fall upon 
2" 15' at London, and G upon g* 35! in the Morning ; whence it is 
evident, that if the Earth’s Magnitude fhould, by Reafon of the 
immenfe Diftance, vanifh as it were into a Point; or if, divefted 
of its diurnal Motion, it fhould always have the Suz vertical to the 
fame Point C, the entire Mora of this Eclipfe would continue for 
feven Hours and 3; but in the mean Time, whilft the Earth re- 
volves with a contrary Motion to that of Venus through 110 Degrees 
of Long. and confequently the Duration of the faid Mora is fhorter, 
fuppofe 12 Minutes, it will nearly be 7" 8’, or 107 Degrees*. 
XVII. 





is the ‘Thing to be fhewn, it is very eafy to fee that the Orbit of Venus muft have a con- 
trary Situation, and confequently that the Axis muft be on the contrary Side of the 
Meridian, and therefore the Difference, and not the Sum, of the two Angles is to be 
taken for the Angle e C H, as the Doétor has prefcribed. 

* The Projection the Doétor here {peaks of, for conftructing Solar Eclipfes, is 
the Orthographic One (whofe Principles are explained in the INsTiTUTIONS of the 
Genera MaGazine, as being a Part of the ScreNcE of PERSPECTIVE). 
The Eye in this Projection is fuppofed to be placed in the Sun’s Center, viewing the 
Motions of the Planets in their Orbits ona Perfpeétive Plane; and therefore the Di- 
ameters of the Planets muft be drawn in fuch Proportion as they appear on that Plane. 

Let 5 be the Sun’s Center (Fig. 2.) C that of the Earth, and M the Center of Venus, 
and fuppofe the Perfpective Plane to pafs through the Point M perpendicular to the vifual 
Ray SM. Let AE DF be the Earth, and A C its Semi-diameter, fubtending to 
the Eye at S, the Angle A S C= 12” 4 = Sun’s horizontal Parallax. But it is evident 
the apparent Magnitude of A C on the perfpective Plane at M will be HM. Parallel 
to A (or SA) draw MB, then will the Angle BMCas ASC, and AB a HM. 
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XVIT. Now in the Meridian itfelf Venus will be near the Syn’s 
Center at the Eaftern Mouth of the Ganges, where the Elevation 
of the Pole is about 22°; therefore that Place will be equally diftant 
from 





Laftly, draw A.M; then is AM C == Venus’s horizenal Parallax ; from which if you 
take the Sun’s == B M C, there will remain the horizontal Parallax of Venus from the 
Sun = AM B= HAM. Nowin fuch fmall Angles we have AC: AB:: AMC: 
AM B, and confequently the Earth’s Semi-diameter A C is diminifhed on the per- 
fpective Plane in H M-in the Ratio of Venus’s horizontal Parallax A M C = 43“ to 
her Parallax from the Sun =43” 3 —12”4=— 31°’, which therefore muft be the Semi- 
diameter of the {mall Circle reprefenting the Earth’s Ditk on the Plane at the Orbit of 
Vena"? * 

But to an Eye at the Suu, Venus’s Semi-diameter G M fubtends an Angle GS M= 
15” ; and fince H§ M== 12% ; therefore fay, as 12 4:31” 2:15 > 36%72=GM 
the Semi-diameter of /enus as meafured in Seconds of a Degree on the fame Plane; 
but the Doctor makes it 1’ more, viz. 374. 

Therefore, if from the Sun’s Semi-diameter 15’: 51” we take that of Venus 97” £ 
there will remain. 15’ : 13 3 for the Difference. Then from a Scale of equal Parts take 
951 == (15' : 51” =) CL, and on the Point C, as a Center, defcribe a Circle repre- 
fenting the Sun’s Difk on the perfpective Plane, Part of which is here denoted by 
SLU (Fig. 3.) then take in the Compaffes 31 = A C, and defcribe on the fame Point 
C the {mall Circle A EB D for the Difk of the Earth. Again, take O13 F(t gk: 
13” 4)== CI, and defcribe the Arch V I Y, whofe Diftance from the Sun’s Limb will 
be I] L = 37 4 the Semi-diameter of Venus. 

Let C L be the Ecliptic on the Sun’s Difk ; then becaufe it makes an Angle with the 
Meridian (paffing through the Sun in the middle Moment.of the Tranfit) of 83° : 50’; 
therefore make the Angle L CH = 83°: 50’, and H-C By or rather A B, will be that 
Meridian on the Difk of the Earth. 

Again, fince the vifible Path of Venus makes an Angle with the Ecliptic of 8° : 28/ 
whofe Complement is 81° : 32”, therefore make the Angle L C e= 81°: 32’ and Ce 
will be perpendicular to the Path of Venus, onthe Sun’s Difk. But fince her Latitude 
is 4’ = 240”, therefore from the Scale take 240, and fet from C toe; and through 
the Point e draw a Line Ge at Right Angles to C e, and that will be the wvi/ible Path 
of Venus on the Solar Difr. 

The Angle e CH = 2°: 18’ being fo fmall, the Doétor has neglected it in his Dia- 
gram, and fuppofed H C perpendicular to the Path of Venus ; and fince (by Calculation) 
the Middle of the Tranfit is at 55: 55’ in the Morning ; and alfo, at that Time, the 
horary Motion of Venus is juft 4’ = HC; therefore, if you take the Line C H, and 
apply it Parallel-wife from 60 to 60 in the Line of Lines on the SeGtor ; and then take 
the Diftance between 55 and 55 on the fame Lines, and fet one Foot of the Compafles 
in H, the other will fall on the Point V, in the Line G H, in which Point the Planet 
will be at 5 o’Clock for the Time at London. Having this Point given, take in the 
Compafies the Line C H, and Place one Foot in V, the other will mark IV on one 
Side, and VI on the other; and in this Manner the other Hours III and If are found ; 
and thus the Line G H is divided into Hours, and then each Hour may be fub-divided 
into Minutes, as you fee in the Figure. 

The Line G H will cut the Curve V Y in F, whereon, if a Circle be defcribed with 
the Radius = IL = 37” 4, it will reprefent the Difk of Venus juft entered the pe 
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from the Suz on both Hands in the Moments of the Planet’s Ingtefs 
and Egrefs, vz. 53° and 3, asthe Points ¢ 4 in the greater Paral- | 
lel Da dE; but the Diameter A B will be to the Diftance-a 4, as l 
the Square of the Radius to the ReGtangle under the Sines of 53° 
and z and 68°; that is, as 1/02" is to 46! 13”; and upon making a 
due Calculation, the Doctor finds, that the Circle defcribed with 
the Radius K L from the Center a, will meet the Right Line FA 
in the Point M, at 2° 20’ 40’; but defcribed from: the Center 4, it 
will meet HG in N»at IX* 29! 22" at London; confequently the 
whole’ Body of Venus will be feen from the Banks of the Ganges 
within the Swn’s Difk for 7° 8'-42"; therefore we have rightly fups | 
pofed its Duration 7" 8', fince here a Part of a Minute is inconfider- i 
able *. XVIII. i 








and in internal Conta& with its Limb, fuch as it appears in that Cafe from the Center 
of the Earth at C.; for the Line CF — CI. And becaufe in the Right-angled Tri- i] 
angle C F H, there is given the Side CH = 240”, and CF = 9132; we. fhall (} 
have F H =/CEF*? — CH? = 880”; then fay, as 240% : 15: : 880%: 34 40’; in| 
which deducted from 55: 55’, will leave 25 : 15’ for the Time of the Morning when 1 
Venus will be juft within the folar Difk ; but added thereto, it makes 9%: 357, the i 
‘Time when the Egrefs begins, and confequently the whole Duration of the Tranfit to . 
an Eye at the Center.C, or at Reft on the: Middle of the Earth’s enlightened Difk, | 
would be juft 7 Hours and 20 Minutes, in which Time 110 Degrees of Longitude ip 
will pafs the Meridian. 
* But, as we have fhewn, the Surface of the Earth being in Motion, and.in fome 
Parts that Motion confpires with, and in others it is contrary to.that of Venus; it fol- 
lows, that in the latter Cafe there will be fome Places, as (a) and (4) where the Tranfit 
ia be of a lefs Duration, and others as (c) and (d) where it will be longer than at the 
enter C. 
Suppofe by the contrary Motion from (a) to (4) in the Parallel of 22°30’, the | 
Mora be contra&ted 12, Minutes, or that it lafteth but 74: 10’, then will the Arch a } | 
== 107 Degrees, and confequently ¢ C == 53° : 30’ in that Parallel... Now in order to 
determine the Time of the Beginning at the Point (a) we muft illuftrate the Principles 
of Calculation and Projection by a larger Figure of the Earth’s Dik. lf 
| 


Therefore from a larger Scale of equal Parts, take in your Compafles 31, and on the 
Point C defcribe the Semicircle F B G (Fig..4.) and project the Elliptic Meridian and 
Parallel for the given Point (a), whofe Pofition on the Difk is then determined by Cal- 
culation in the following Manner. Since the Arch D G = 22° : 30’, its Complement 
D B = 67°: 30’. Then we have Radius: Sine of DG::CG::DO:: 31: 11,8 | 
=DO=CH.. Again, R:sD.B:: 31: 28,74 == HD. Then becaule CG: | 
HD::R:sDB; andHD:Ma::R:sCa=53°: 30’; ‘therefore by Compofi- | 
tion of Ratios, we hve CG:Ma::R*:sBDXsCa; whenceM a= 23,1. 


The Arch ¢ D= 36° : 30’, therefore R:sDa::HC:KamHM::11,8: 
71. Whence CH—HM=47=MC=aN. Having therefore M @,andaN, rk 
the Point (a) is given in Pofition on the Difk. if 

Therefore (in Fig. 3.) from (a) let fall the Perpendicular ag, then will it be 240 -+ hy 
4,7== 244,7=-a2. Alfo Hg= Ma=23,1; then fay, as 240: 60/2: phd le 
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XVIII. But adapting the Calculation to Ne/on’s Hatbour, the 
Doctor finds that Venus thall pafs under the Sun's Difk when he is 
juft about to fet, and emerge out of his Difk immediately after his 
tifing; that Place, in the mean Time, being carried through the 
Hemifphere oppofite to the Suz from ¢ to d, with a Motion con- 
{piring with that of Venus ; therefore the Mora of Venus within the 
Sun's Dilk will become longer by reafon of the Parallax, {uppofe: by 
four Minutes, fo as intirely to be 7° 24! or 111° of the Equator ; 
and fince the Latitude of the Place is 56 Degrees, it will be as the 
Square of the Radius to the Rectangle under the Sines of 55° and x 
and 34°, fois AB=1' 2! toc d= 28" 33”; and upon duly make- 
ing the Calculation, it will appear, that the Circle defcribed from 
the Center c, with the Radius K L, will meet the Right Line FH 
in O at 2° 12' 4c”; but defcribed from the Center d, it will meet 
HG in P at IX" 36! 37"; wherefore the Duration of the Mora at 
Nelfon's Harbour will be 7° 23' 52”; to wit, greater than at the 
Mouth of the Ganges by 15' 10" of Time*, 
! XIX. 


a ae 


5 : 48”, which added to 5": 55 gives 6" : o” : 48” for the Time when the Planet will 
be at g. 

The Point (a) being determined on the Difk; take the Diftance CI in your Com- 
pafles, and fetting one Foot in (a) defcribe the Arch W Z, which will cut the Path of 
Venus in M, and thereby fhew the Time of the entire Ingrefs as feen from the Place 
under (a) to be at 28: 20’ : 48”.. This alfo appears from Trigonometrical Calculation ; 
for the Triangle aM gis nearly the fame as CF H; and therefore, gM=HF; 
whence H g = F M= 57: 48”, which added to the Time at F = 2»: 15/ gives 2h : 
20’ : 48”, the Time at M. Hence twice 5’: 48”; or 11/ : 36” will be the Time by 
which the Tranfit will be fhortened at thé Parallel of 22° : 30°. 

* Again (in Fig. 4.) let (c) be in the Parallel of 56°, and the Motion of the Earth 
there confpiring with that of Venus, the Tranfit will be thereby prolonged, which fup- 
pote to be 4 Minutes. ‘Therefore to the whole Duration 75 24’ there will anfwer 111° 
of the Equator, or in the Arch of the Parallel between (c) and (d), the Half of which 
18 55° : 30’, alfo the Co-Latitude is 34°. Then proceeding as above, we have R: s 
34°::CFige::3r:17,33 => ¢¢ And as R:5 56°: HC FE Cig nt agi gts 
Cg. Alfo, R:s55° 30° ::eg:cem:: 17,3: 14,3==cm. And becaufe of the Cir- 
cles EC D and ep being parallel, we have HD: ge::HC: gp = 751. And 
then, laftly, we have R: 5 34° 30’ cei: gpicn=gm:: 7,1: 4==gm3 whence 
Cotgm=29,7 —=Cm. 

If therefore from the Point (c) (Fig. 3.) we let fall the Perpendicular (cf) then fH 
== (¢ m) = 14,3, and then 240 : 60’: : 14,3 : 3’ 33, which taken from 55 55’, leaves 
5° 51° 27”, the Time of the Morning when Venus will be at (f/f). Then taking the 
Line C lin the Compaffes, and fetting one Foot in (c) defcribe the Circle T X, this 
will cut Venus’s Path in Q at 24 13° 27; the Time when Venus will appear at (c) juft 
within the folar Dik. : 

y 
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XTX. But if Venus thould pafs without Latitude, the faid Dif- 
ference will become 18’ 40”; but if fhe fhall be four Minutes more 
northerly than the Sun’s Center, the Difference will be increafed to 
21' 40”, and will be ftill greater by increafing the Planets N. Lat. 
From the above Hypothefis it follows, that at London Venus thall 
rife entering into the Suz, and at g> 37'in the Moruing, in her 
Egrefs, touch internally the Sun's Limb, and quite leave his Difk 
not before 9" 56’ +. : 
XX. It is evident from the fame Hypothefis, that Venus fthould 
touch with her Center.the extreme Northern Limb of the Suz on 
May 23, 11° 1769; fo that, by Reafon of the Parallax, her whole 
Body may be feen, in the Northern Parts of Norway, within the 
Sun’s Difk; whilft on the Coaft of Peru and Chiz, fhe fhall feem 
to ride on the Difk of the fetting Swz, with a fmall Segment of 


oree 





Or thus by Calculation ; in the Right angled Triangle c O f there is given the Per- 
pendicular ¢ f = CH + Cm (Fig. 4.) = 269,75 and the Hypothenufe c O= 913,55 
therefore the BafeO f4/ O c* —c f* = 872,5. Then fay, as 240: 60°: : 872,55 
: 2180’ == 3" 38’; which taken from 55 51’ 27” leaves 2" 13° 27”, the ‘Time at (c) 
as before. 

Wherefore the Time of the intire Ingrefs at (c) Port Nel/on will precede the fame at 
(2) Bengal by about 7’ 21” ; and therefore the whole Duration will be near 15” longe 
in the former Place than in the latter. ) 

+ But if the Node fhould be in the Sun’s Center C (or the Tranfit be central), and 
the Path of Venus be N C; then it is evident that fg = PR (Fig. 3.) = Ma-+cm 
(Fig. 4.) == 23,1 + 14,3 = 37,4; becaufe in this Cafe, the Diftance of (a) from the 
Line N C nearly vanifhes, and that of (c) is inconfiderable. “Therefore fay, as 240: 
60’: : 37,4: 9/535 = 9 21”; the Difference of Time in the Beginning of the T'ranfit 
at Bengal, and Nelfon’s Harbour, the Double of which, viz. 18’ 42” will be nearly the 
Difference of the whole Durations in this Cafe. 

If Venus fhould pafs with 4 Minutes of North Latitude, then, by adapting the Tri- 
gonometrical Calculus, as before for 4’ South Latitude, the Difference of the Zora in 
thofe Places will be found 21’ 40’. And, indeed, as fhe goes more Northerly, the 
Difference will encreafe as you may plainly fee in the Diagram, the Diftance P R is 
greater than O M, and T W is greater than PR, becaufe the Arch T X does _fenfibly 
recede from the Arch VY as it goes Northwards; making the Difference O F, P Q, 
T V to encreafe to a certain Limit, while the other Parts F M, QR, V W, vary but 
little on all this Part of the Difk. 

Since on that Day at London the Sun rifes but a few Minutes before IV, therefore 
fhe will be advanced upon the Sun’s Difk at his Rifing to the Place in her Path where 
yor {ee her reprefented in the Scheme. So that near two Hours of the Tranfit will be 
oft to us. 

As the Diameter of Venus is 75’, if we fay as 240: 60 2:75:18, 75 = el 
that will be the Time which paffes between the external and internal Contact with the 
Sun, or fo long as fhe will be tranfiting the Sun’s Limb. h 
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her Body; as in like mafiner in the Mo/ucca Ilands, and neigh- 
bouring Parts, at Sun-rifing: But if the Nodes of Venus be found 
to have a Retroceflion (as there is Reafon to fufpect from fome 
later Obfervations) then her whole Body being every-where feen 
within the San’s Difk, the greateft Difference of thefe Eclipfes will 
afford a {till more evident Proof of the Sun’s Parallax ft. 

XXI. How, from Obfervations made in the Eaft Indies on the 
Ingrefs and Egrefs of Venus, compared with thofe which are made 
in England on her Exit from the Solar Difk, the fame Parallax 
may be derived; to wit, dy adapting the Angles of a Triangle siven 

in 
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* ‘This Paragraph relates to the Tranfit of Venus in the Year 1769, on Fune 3d, at 
eleven o’Clock at Night, and therefore invifible to us. Upon the Hypothefis that the 
Nodes are at refi, the Center of Venus will nearly touch the Northern Part of the Sun’s 
Limb, becaufe the Latitude of Venus will in that Cafe be 15’ : 435. and the Sun’s 
Semi-diameter is then about 15” 50. (See the Table in Note |}, Art. IX.) 

But, by an apparent retrograde Motion of the Nedes, the Planet will pafs with lef 
Latitude; and if that Motion be fuch as refults from fome modern Obfervations, the 
‘Tranfit will be very confiderable, and of much greater Ufe in determining the Paral- 
Jax of the Sun than that of next Fune. 

Cassini, in his Elements of Aftronomy, has collected the following Obfervations 
of the Motions of the Venereal Nodes. 

_ From an Obfervation of Timocharis, 271 Years before Chrift, of Venus éclipfing the 
Star n in the Southern Wing of Virgo, it is computed that the Node of Venus was at 
that time in y : 24°: 2’... | 

By the Obfervation of Horrox, in 1639, the Place of the Node was found to be in 
tb .19°¢ 28° 22%, 

._ By an Obfervation made in 1698, it was found by Calculation, that the Place of the 
Node was found in Il 14°: 17: 45”. 
. By another Obfervation in the Year 1705, the Place of the Node was found in IT 
Ba Seah eos. 

ries the as 1710, the Node was found in-II : 14° : 04’: 52”. 

And in the Year 1731, the Place of the Node was in IT: 14°: 17’: 02”. 

From thefe Obfervations you will eafily find that the Motion of the Node is at a 
Mean, 34” per Annum. But Dr. Halley’s Tables make it 31” yearly. 

Alfo it is evident, that 1731 ++ 271 = 2002, or from the Time of Timocharis, to 
the Year 1731, there are 2002 Years, in which Time the retrograde Motion of the 
Equinox, or Node of the Earth, is 27°: 48’ : 20 ; it is plain, if the Nodes of Venus 
were fixed, they would have appeared to have moved fo much forwarder in the Ecliptic ; 
but they have appeared to go forwards only 20° : 15’ : 2” ; therefore the Difference +e 
33° : 18” is the true retrograde Motion of the afcending Node in that Time. | 

Haftly, it-muft be obferved, that fince the Orbit of Venus lies within that of the 
Earth, the real retrograde Motion of the afcending Node will produce an apparent direct 
Motion of the defending Nedey which is the Reafon why the Motion of this Node is 

contrary 
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in Specie in the Circumferences of three equal Circles, ¥ fhall take an« 
other Opportunity to thew t.--- - 





contrary to that of Venus in all the Diagrams we have hitherto made ufe of,, as alfo in 
that which follows, for a further Illuftration of this moft important Affair. 





Let A D E be the Sun, CN the Ecliptic, A N the Path of Venus, and N the Node. 
Now if the Node be at Reft, the neareft Diftance of the Planet from the Center, wiil 
be A C= 15743”. And fince the Angle AN C = 8° 28’, we fhall find CN = 106 
the Diftance of the Node from the Center C, | : 

But if the Nodes have a retrograde Motion, and equal to that in the Doétor’s Tables, 
then fince from the laft Tranfit. in 1639, to that in 1769, are 130 Years, this Node 
will appear to have gone forward in that ‘Time 38” 30” nearly ; therefore 106 — 38,¢ 
= 67’,5 =F C, and F will be the Place of the Node in this Hypothefis. 

Then drawing F G parallel to A N, it will be the Path of the Planet; and B Cits 
Diftance from the Sun’s Center, which is known from this Analogy, a5106: 15,75:: 
67,5:10==BC. Therefore the Path of Venus G H, upon the folar Difk in ‘this. 
‘Tranfit, will be very little lefs than D E in the next Tranfit 1761, according to the 
Doétor’s Tables. | 

But the Tranfit G H will be greatly preferable to the Tranfit D E for determining 
the Sun’s horizontal Parallax, becaufe, as we have fhewn, a Tranfit on the North Part 
of the folar Difk, will give the Difference of Duration in the Afra greater than one 
in the fouthern Part, every Thing elfe being equal ; andthe Tranfit G H happens to 
be nearly in that Part of the Dif— where that Difference of Time will be a Maximum, 
and confequently will afford the beft Opportunity that can be for Succefs in this Difeo- 
very. 

a Whether the Door did-ever give the Solution of this Problem we know not, nor 
have we met with it in any other Author. We fhall therefore leave it to our learned: 
Correfpondents (in our M, AGAZINE) to oblige the Public with it, | 
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fbi a | 
E -Le 3 Be Me~ BoriNial > om 
| OF THE | 
ASTRONOMICAL THEORY 
OF THE 


PLanetT VENUS, 


WITH REGARD TO 


CALCULATIONS from TABLES. 


ie is impoffible for any one to underftand the Nature of the 
Tranfit of Venus, and the Computations and Calculations re- 
lative: thereto, without being previoufly acquainted with the Aftrono- 
mical Principles of this Planet's Motions, which, therefore, I fhall 
here briefly explain. Let ~ % = w reprefent the EcLipTic or 
Path of the Earth about the Sun S (fee Figure 1. Plate IIl.), in 
which let the Earth be at T, and fuppofe the Diftance T 5 divided 
into 100,000 equal Parts; then by the known Laws of Motion, the 
Squares of the periodical Times in any two Planets are always pro- 
portioned to the Cubes of their mean Diftances; and fince the Times 
in which the Earth and Venus revolve about the Suz are known, 
and the Earth’s Diftance TS is equal to 100,000, therefore the 
Diftance of Venus will be found, by the above Analogy, 72,333 of 
the fame Parts, and confequently if from a Scale of equal Parts we 
take that Number, and on the Center S defcribe the dotted Circle 
B & Ce. Then that would be a proper Keprefentation of the Or- 
bit of Venus, if that Planet moved in the Plane of the Ecliptic, and 
in a circular Orbit. 

But 
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But as her Orbit is inclined to the Plane of the Ecliptic in an 
Angle of 3° 24' nearly, one Part thereof will lie above the Plane 
of the Ecliptic, as &E G 9; and the other below, as 2H ew; 
and the common Interfection, or Line 8 S 2, is called the Line of 
Nodes, and the Point & is called the afcending Node, and the 
other Point e the defcending, becaufe at the former the afcends 
above the Plane of the FEcliptic, and in the latter fhe defcends be- 
low it. The Place of the afcending Node & is in 14° 30° of Gemini 
in the prefent Age, and as here reprefented in the Figure. 

As the Orbit of the Planet is fituated within that of the Earth, 
fhe will be feen twice in Conjunétion with the Sun, viz. in the 
Points R, Q, which arein a right Line drawn from the Earth to the 
Sun; that at R is called the /uperior Conjunction, and that at Q the 
inferior. | 

Suppofing her Orbit circular,, as QC RB, and in the fame 
Plane of the Ecliptic; then if two right Lines were drawn from 
the Harth at T, to'touch the Orbit of Venus in the Points I,K, they 
would determine the Angle. of greateft Diftance that this Planet 
could ever appear from the Suz. Thus as the defcends from her 
{fuperior Conjunétion R, the will appear to. go further from the Suz 
continually, till the arrives to the Point I, and there the will appear 
at the greateft Diftance from the Sun at S; afterwards, as the advances 
towards her: inferior Conjunction Q, the Diftance from the Sun 
gradually decreafes. From Q her apparent Diftance from the Su 
again increafes till fhe arrives at K, and from thence decreafeés as the 
advances by C towards R. | 

This Angle I T S of her greateft apparent Diftance, iscalled the 
Angle of her greateff Elongation from the Sun: And becaufe the 
Triangle S ¥ 'T is right-angled at I, and the two Sides S 'F and $ I 
are known, from thence we find the Angle S'T I of about 48° 
which therefore is the greateft Diftance fhe can ever be elongated 

from the Sun. 

It is farther evident, that to a Spectator at the Earth, the Planet 
Venus, all the while the is moving through the Part of her Orbit 
K CR BI, will appear to be dire in Motion, or to move accord- 
ing to the Order of the Signs from Weft to Eaft. But at the Point 
I the DireGtion of her Motion is changed ; and during her Paflage 
from I, by Q to K, her Motion will be contrary to the Order of 
the Signs, or from: Eaft to. Weft ; and therefore fhe is, during this 
Time, faid to be retrograde, 

Hence 


E 2 
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Hence alfo it appears, that fince the large Part of her Orbit 
K-R I, and the {maller Part I Q_K,’are both feen or defcribed under. 
the fanie Angle I TK, therefore her Motion’ in the former Cafe’ 
miuft be very flow in Comparifon of the latter; and as.at the Points 
EK, her Direction is for a little Time before and after, fenfibly in the 
right Lines I T, ‘TK, and 'confequently the mutt be feen in the fame 
Part of the Heavens during thofe times, therefore fhe is then faid 
to be flationary. 

Were the Earth at reft in T, the Space of ‘Time between two 
Conjunctions of the fame Kind, would be equal to the periodical 
Time of the Planet, which is nearly 225 Days ; but fince both the 
Earth and Venus move together the fame Way, this Time between 
the two Conjunctions will be very much enlarged beyond the perio- 
dical Time of either: For if the Conjunétion be at Q, then the Planet 
muft perform one Revolution, and fo much of another as is equal 
to the Motion of the Earté between the Times of the two Conjunc- 
tions. Let the Earth's Motion.in that Time be called. A, then it will 
be * as 8766": 5392': : 360°-+ A: A; and by Divifion of Propor- 
tion 8766 — 5392 (== 3374): 5392: : 360: A. And therefore 
A= ee = 575 Degrees nearly; which angular Motion the 
Earth makes in one Year, feven Months, three Weeks and one Days 
which is the Time fought between the two. Conjunctions. 

The Particulars we have now, mentioned are upon the Suppofition 
that the Orbit of Venus is in the Plane of the Echiptic ; but it makes 
very little Difference if we confider her Orbit as inclined thereto in 
the fmall Angle above-mentioned. © | 

We have likewife hitherto fpoken of her Orbit as Circular, but, 
it is in reality Elliptical; in one of whofe Focus’s the Sym is- placed. 

The longer Axis of her Ellipfis cutting the Ecliptic in, about the 
ath Degree of Leo.and Aquarius, as in the Figure is fhewn by the 
Line M V, and upon her Plane AS is her greateft, and E.S her leaft 
Diftance from. the Sun; and therefore the Point A is called the 
Aphehon, and E. the Periheion,; and the greateft Diftance $.A.is.to 
the leaft Diftance.S E, as 72857 is to. 71823. . 


* ‘The Period of the Earth is 365°: 65== 87665, and the Period of Venus 224° 
164 = 53925, 
N. &. The Theorem from whence the above Analogy is: derived, you may fee in’ 
Inftut. 244 of the General Magazine. | I 
et 
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Let P be the Place of a Planet in its Orbit, andlet fall the Per- 
pendicular P L to the Plane of the Ecliptic; then is L, the Place of 
the Planet, reduced to the Echptic. Draw SP and SL, and they 
will contain an Angle PSL, which is called the Aehocentric Lati- 
tude of the Planet, becaufe-the real Latitude P L of the Planet 
from the Ecliptic,: is thereby meafured as feen from the Sun. Draw 
the Line T P and T L, and they will contain an Angle P 'T L, un= 
der which the Latitude of the Planet P L is feen from rhe Earth, 
‘and therefore this Angle is called the geocentric Latitude, and thefe 
two Angles are inverfely as their Diftances from the Planet ; that 
is, thé heliocentric Latitude PSL is to the geocentric Latitude 
PT L, as the Diftance of the Earth TF Pis to the Diftance of the 
Sun S P from the Planet. 

The Diftance of the Planet P from the Node, or the Arch P gy, 
is called the Argument of Latitude. Swppofe 'T D the greateft La- 
titude; that will meafure the Inclination of the Planet’s Orbit to the 
Ecliptic, as it will differ not fenfibly from the Arch of which it is 
the Sine ; therefore we fhall have the following Analogy; as Radius 
to the Sine of the Planet’s Diftance from the Node, {0 is the Incli- 
nation of the Orbit to the Latitude P L of the Planet at P; which 
Latitude feen from the Earth, will always be of a different Quan- 
tity, according to the different Diftances of the Earth from the 
Planet. 

The Diftances of the Planet from the Suz and the Earth in the 
Ecliptic, viz. SL and TL, are called the curtate Diftances ; and 
in the Triangle TS L, in the Plane of the Ecliptic, the Angle 
T SL is called the Achécentric Longitude of the Planet from the 
Earth ; as being the Difference between the Place of the Earth, and 
that of the Planet (reduced'to the Eclipticy, feen from the Sux. ‘The 
Angle L T S is the geocentric Longitude (but more commonly called 
the Elongation of the Planet from the Sun), which is the Difference 
between the Place of the Suz and of the Planet in the Ecliptic, as 
{een from the Earth. Laftly, The Angle S L T is called the Pa- 
rallax of the annual Orbit, as being fubtended by the Semi-diame- 
ter S P of the Earth’s Orbit. . Note, The Angle T S L is common- 
ly called the Angle of Commutation. 

Not only the Orbit of the Planet Venus, but thofe of all the 
other Planets, are Elliptical, and particularly that of the Earth; 
and therefore the Diftances of the Zarth from the Sua will ok 

g 














a0° 7 
be unequal; the greateft Diftance will be 10169, and the leaft 9831, 
the mean Diftance being 10,000, as we mentioned before. a 
The Longitude, or Place of the Earth or Planet; is its Diftance 
in the Ecliptic from the Beginning or firft Point of Aries; and 
what is called the mean Anomaly, is the Diftance fromthe Aphe- 
lion Point, as from the Point A in the Orbit of Venus; and is efti- 
mated in Signs and Degrees of the Ecliptic. 
_ From what has been faid, it will be eafy to underftand the Pro- 
cefs of Calculation by Aftronomical Tables; in which we find the 
Longitude, the mean Anomaly, the Place of the Aphelion and 
Node, the Equation of the Orbit, the curtate Diftances, the Areu- 
ment of Latitude and Reduétion to the Ecliptic, all ready calcu- 
lated for the Earth or Sun, and all the other Planets; fo. that by 
this Means we. are enabled, at any Time, to. find the geocentric 
Place, Latitude, and Diftance of the Planets, as Occafion: fhall re- 
quire ; an Example of which Method of Calculation you will fee 
in Page 9g. of Dr. Halley's Differtation, and it is the fame with re- 
gard fp any other Tables, as well as the. Caro/ne there made 
ufe of. | 











Oost. AE 


Noves of -V'E N US, 
3 AND THEIR 
Morion and PLrace in the ECLIPTIC. 


S the Place and Motion of the Nodes of Venus’s Orbit are 

the two Hinges on which the whole Do@rine of the 
‘Tranfit turns, they cannot be too well afcertained and under- 
ftood; and therefore we may a little wonder, confidering what 
a Number of QObfervatories have been erected in the different 
Parts of Europe for a Century paft, that our Obfervations on the 
Place and Latitude of Venus are fo very few, and made by fo {mall 
a Number.of Perfons. I, for my own Part, have feen little on this 
Head, befides what is contained in Caffinz’s Aftronomy, either in 
regard to the Place or Motion of the Nodes of Venus. 

It is evident from the foregoing Theory (Plate HI. Figure 1), 
That if an Obfervation be made of a Planet’s Place and Latitude, 
as feen from the Suz, and this be done on each Side of the Node 
&, before and after its Paflage through it, that then the Place of 
the Node ® may be eafily determined by Calculation; and thefe 
Obfervations being repeated at diftant Times, will give the Motion 
of the Node and its Direction. It may be proper to illuftrate this 
4 an Example, which I {hall give from the before-mentioned Au- 
tnor. 

On the 2d of September, at 15 Minutes after Two (N.S.) the 
true Place of Venus was obferved in 2 16° 30' 50" with North La- 
titude 5’ 41". Afterwards, on the 6th Day of the fame Month, 
her Place was obferved at 18’ after ‘Two to be in = 21° 18’ 20”, with 
South Latitude 7' 13"; then having computed for thefe Obferva- 
tions the true Places of Venus feen from the Suz, it will be found 
that her Place for the Firft was in , 11° 19' 2”, and the Second » 
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17° 40' 23", and then the Place of the Node is found by the fol- 
lowing Analogy; as the Sum of the Two Latitudes 12/ $4." 1s to 
the Latitude of the firft Obfervation 5/41", fo is the Motion of 
Venus between the two Obfervations (which was 6° 21! 21") to 2° 48’; 
which being added to the ‘Place of Venus in the firft Obfervation, 
gives the Place of the Node in « 14° 7’, which is the defcending 
Node; becatife hér Latitiide at the firft Obfervation was North, and 
at the fecond South: | nidoe , 

_ Again, on the 7th of September, at 19 Minutes paft Two, Her 
geocentric Place was found to: be in 22° 27! 30" with 11! eu 
and by Computation her heliocentric Place for the fame Time was 
ID 4. 19° 15.30"; now comparing ‘this with the firft Obfervation on 
the ad of the fame Month, we have the following Analogy; as the 
Sum.of the two Latitudes 17! 12" is to. the firft Latitude 5’41/, fois 
7 50° 28" (the Motion of Venus in the Interval) to 2° 37’ 30". ‘Thefe 
being added to Venus’s true Place in the firft Obfervation, give the 
Place of her Node in + 13° 56’ 30”, which is 10’ 30" more than 
was found by the preceding Analogy; and therefore taking the 
Mean, we fhall have’ the Place of the defcending Node, on the 
4th of September 1698, in ws 14° 1! 46", 

Afterwards other Obfervations were made in the Year 1731, on 

the 7th and on the 14th Day of Apri/, and from thofe Obfervations 
the Place of the fame Node was determined, in the Manner above 
{pecified, to be in % 14° 17’ 2”, more advanced by rs’ 17" than on 
4th of September 1698, which is at the rate of 28" per Annum for 
the Motion of Venus’s Nodes. 
_ By other Obfervations made by the Moderns, by Horrox at the laft 
Tranfit, and by Zimocharis 271 Years before the Chrifitan Ztra, 
our Author has made fuch Calculations as determine the annual 
Motion of Venus’s Node to be at a Mean 34", per Annum. 

When fuch Obfervations and Calculations were fo eafy, and already 
furnifhed to their Hands,‘ one may very well wonder that fome of 
our greateft Aftronomers fhould be altogether filent about the Mo- 
tion of the venereal Nodes. Indeed, in the Aftronomical ‘Tables of 
PTOLEMY and Kinc AxpuHownsus, there is no Mention made of 
the Nodes of Venus, or their Motion: But in Tables that were pub- 
lifhed more than 100 Years ago, viz. by Feremiah Shakerley, in 1 653, 
intituled, Tabule Britannica, we find the Place of Venus’s Node is 
confidered and allowed for, at the Rate of 50 16’ in. 100. Years, 
which is at the Rate of 30" per Annum. ; 
The 










































The RupoipuHine Tables, compiled from the Obfervations 
of Tycho, Kepler, and others, do alfo allow for the Motion of 
Venus's Node 78" 10" per Century, which is at the Rate of 47" per 
Annum. ‘Thefe were compiled and publithed by ‘Yohn Baptifta Mo- 
vinus, Regius Profeffor of Mathematics at Paris, in the Year 16 Rica 
concerning which the Author affures us, that the Places of the 
Planets, as found by his Tables, differ not a Minute from. their 
Places found by the Tables and Methods deduced from Kepler’s 
Obfervations. 

In the Year 1661, thofe called the. CaroLtine Tables were 
publithed by Mr. Thomas Street; but in them we find no Mention of 
Venus’s Nodes, or their Motion, although he relates many Obferva- 
tions that were made of this Planet by Tycho, Mafthlinus, Kepler, 
Gajffendus, and others. | | 

In the Year 1702, Mr. De da Hire, Regius Profeffor of the Ma- 
thematics at Parzs, publifhed his 4frenomical Tables at the Command 
of Lewis the Great, in which he allows a Place to the Node of Ve- 
nus, and a Motion of 1° 16' 48” per Century, which is 46” per Ax- 
num; buta very little differing from the Rudolphine Tables. 

Soon after this another Colleton of Tables was publithed by 
Mr. Whifton, faid to be thofe of Mr. Flamftead, Dr. Halley, Mtr. 
Cafint, and Mr. Street; in this Colle€tion there is no Mention 
made of the Nodes of Venus, or any Motion confidered; nor. is 
there for any other of the Planets. What thofe Tables were 
which he calls Mr. Flam/ftead’s or Mr. Cafini’s, 1 know not: But 
as for thofe publifhed under Dr. Halley's Name, and by Cafini the 
younger, they allow for the Nodes-of Venus, and for the Nodes of 
the refit of the Planets. 

In Dr. HALLEyY’s Tables, which were printed in the Year 
1719, the Motion of Venus’s Node is ftated at 51’ 40" in 100 Years, 
which is at the Rate of 31/ per Annum. | 

Laftly, The Table publifhed by Cafini the: Son, in the. Year 
1740, contains, perhaps, the trueft Account of the Motions of 
the Planet’s Nodes-in general, and that of Venus in particular ;. it 
makes that tobe 57’ 40" in 100 Years, ‘which is at the Rate of 34! 
per Annum, and therefore, if the Tranfit of Venus be calculated 
by thofe Tables of Mr. Cafini, the Phafes'and’Times thereof will 
be different from thofe which are calculated by Dr.: Halley's Tables, 
and probaby nearer the Truth. 
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THE 


DocTRINE of PARALLAXES 


MORE FOC DL Y 


Binekien: Bi dk qv ako DN aa 


A S we purpofe to fhew and explain the Method of determining 
% the various Phenomena of the Tranfit by means of Parallaxes, 
as the moft natural and truly aftronomical of any, it will be pre- 
vioufly neceffary to give the Reader as diftinét an Idea of this im- 
portant Point as we poflibly can. 

We have already fhewn, that by the Word Parallax nothing more 
is meant than the Difference of Place in which any Object is feen 
from two different Points of View. Thusif the Planet V (Fig. 2.) 
be viewed from the Center of the Earth at T, its apparent Place will 
be at C,in a Plane F G placed indefinitely beyondit in the Heavens. | 
But if the fame Planet be viewed from the Surface of the Earth at 
E,its apparent Place will be at D; and this Difference, C D, of ap- 
parent Places, is called the ParALLAx of that Object in the Heavens. 

Let K L M reprefent the Sun, and let the Vifual Rays TC, ED, 
in their’Way to the Plane F G, crofs a Diameter of the Suz in the 
Points H I; then will the Diftance HI be the Difference of the 
apparent Places of the Planet on the Face of the Suz. If the Spec- 
tator’s Eye be placed at the Point (e), the Planet will appear 
on the Piane F G at the Point (c), and the Difference of the appa- 
rent Places of the Planet feen from the Center of the Earth T, 
and by a Spectator at (e) will only be C c. Laftly, a Spectator at the 
Earth's Surface at O, which is in the right Line T V, joining the 
Earth and Planet, muft neceffarily obferve the Planet in the fame 
Point C, as if he had viewed it from the Center of the Earth ; 
and in this Cafe, as there can be no Difference of apparent Place, 
there can be no Parallax at all. 7 

From what we have {aid it is evident, that the Difference of the 
apparent Places CD (or Cc), or the Quantity of the abfolute id 
rallax 
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rallax is proportional to the Angles T VE and T Ve, which 
Angles are therefore called the Parallatic Angles, or Angles which 
meafure the Parallax. 'Thefe Angles are proportioned to the Sines 
of the Arch Oe and O E, or to the Diftances of the Spectator from 
the Point O, to which the Planet is vertical. It is evident, when 
the Arch OE is 90°, or when the Planet appears in the Horizon, 
that then the Angle E V T, or the Parallax, is greateft of all; andis 
in that Cafe called the Horizontal Parallax, being that under which 
the Semi-diameter of the Earth is feen from the Planet, and of 
which we have more particularly treated in the Note to the VIIth 
Paragraph of Dr. Hatiey’s Differtation, Page 6. 

The Parallax hitherto confidered is properly called the Ad/lute 
Parallax, and has refpe& to one Point V, feen from two different 
Places. But there is another Sort or Diftin@tion of a Parallax, 
which may be properly called the Relative Parallax, which has Re- 
{pect to the different Places in which two Objects appear from one 
given Point T. Thus the-Center V of a Planet, and the Center 
S of the Suz, feen from the Center of the Earth T, appear at 
C and A, and when viewed from the Point E, they appear at 
Dand B. But fince the Diftance of the Planet T V, and that of 
the Sun TS, are very unequal, the Parallax AB of the Suz, and 
that of the Planet C D, will be unequal in Proportion, or the Cen- 
ter of the Suz S will have a much lefs Depreffion from A to B than 
that which the Center of the Planet has from C D, therefore thefe 
two Centers of the Suz and Planet are relatively deprefied, as viewed 
from the Point E thro’ a Space which is equalto A D — AB; there- 
fore make D b equal to A B, thenwill A b be the Quantity of Depref- 
fion, or relative Parallax, by which the Center of the Planet V is re- 
moved from the Center of Sun S$ upon the Plane FG, and thisis called 
the Parallax of the Planet from the. Sun; and when we {peak of the 
apparent Diftance of the: Planet from the Sum’s Center on the Face 
of the Suz, we confider the Diftance S I to be diminithed in the 
Ratio of A D to Ab on the Plane, or we take the Difference be- 
tween the abfolute Parallax of the Planet H I, and that of the Sun, 
whenever we make any Computation of the Diftance of a Planet 
from the Ecliptic by means of the Parallax, as we fhall hereafter 
more fully explain and illuftrate, by an Application of this Doctrine 
to the Tranfit obferved by -Horrox, in the Year 1639, having firft 
premifed the general Theory of Calculation by Parallaxes, which 


next follows. 
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aes hie 
CoMPUTATION by PARALLAXES 


ExpPLAENED:; and APPLIED to the 


Transit of VENUS, 


For Afcertaining the Times of its Duration in different 
Parts of the EAR T H. 


E have fhewn how the various Phenomena. of the Tranfit 

. may be computed and eftimated by PRojEcTion and 

CaLcuLaTion; but there remains yet the moft natural and ge- 

nuine Method for afcertaining the fame, which is by means of the 

PARALLAX; and as it has not yet been confidered. and applied for 

this Purpofe (more aftronomico) we {hall here explain that ufeful 
Doétrine to the Tyro in Aftronomy. 

For this Purpofe it will be proper for him to have before him.a 
CeresTraL Grose, as he will that Way have a more clear and 
eafy Idea of all the fundamental Principles of this Part of the 
Science, and which are reprefented in Figure 3. Plate III. Where 
H ZON is the general Meridian; P the North Pol; AK the 
Equinottial ; T S L the Echptic, whole Pole is Q; CS V the Ordit 
of Venus; Sthe Place of the Sun, very near the a/cending Node ; 
PS Ban Hour-Circlke; ZSWN a vertical Circle; QES a Circle of 
Latitude; QZ G another paffing through the Zenith Z, and No- 
nagefima Degree G; and Q_Tanother paffing through the Pole P, 
to the Beginning of Cancer at I. 

This is the Pofition of the Globe and its Circles, for reprefenting 
the Moment of the End of the Tranfit, as viewed at Lonpon; 
and therefore the Angle Z PS= 3%: 17'= 49°: 15’. Alfo the 
Side Z P = 38°: 30’, and PS = 67°: 17! the Co-Dechnation of the 
Sun, whence the Angle P S Z is found to be 45° : 43’. : 

Then 





= 23°: 30', PS= 067°: 17'; SQ a Quadrant, and the Angle 
PQS=14°: 24', the Diftance of the Sux from Cancer—IS. 
Whence the Angle P S Q is found to be 6°: 10’; meafuring the 
Inclination of the Circles of Latitude and Declination, or: of the 
Ecliptic to a Parallel of the Equator, as mentioned in Page 18.. of 
the Difertation. 


If from the Angle PS Z = 45° : 43’, we take the Angle PS Q_ 


= 6°: to', there will remain the Avvle ES Z = 39° oo'2 athe 
Complement of which is the Angle ZS G= co’: 27', which mea- 
fures the Inclination of the vertical'Circle Z S to the Ecliptic T S, 
at their Interfection in the Sun’s Center S. 

In the: laft Place, fay, as the Sine of the Angle ZS P=4s5°: 
43' is to the Sine of the Side Z P= 38° 30’, fo is the Sine of the 
Angle Z PS = 49°: 15' to the Sine of the Side ZS = 41°: 12'; 
the Complement of which is the Suz’s Altitude at the End of the 
Tranfit, viz. SM. = 48°: 48’. 

_ Now we. have elfewhere fhewn (In/titution 1899 in the GENE- 
RAL MacGazine) that the horizontal Parallax of a Planet is to its 
Parallax at any. Altiude SM as Radius to the Sine of the apparent 
Diftance ZS, fromthe Zenith Z. If then (with Dr. Halley) we 
fuppofe the folar Parallax to be 12"+, the Aortzontal Parallax of 
Venus will be 4.5" nearly (Page 6.) ; therefore fay,. as Radius to.the 
Sine of ZS= 41°: 12', fois 45”to.30" nearly. 


When we confider how fmall a Part. of thefé Circles of Lazf- | 


tude, Altitude, Ecliptic, Orbit of Venus, Sc. arecontained on the 
Sun’s Dik at S, there will be no Difficulty of conceiving that they 
may be very well reprefented by right Lines. on.the Sun’s Difk, tho’ 
drawn of any Size you pleafe; therefore let the folar Difk (Figure 
4.), as viewed in the Heavens at the End of the Tianfit, be repre- 
fented by the Circle Z L.N T,. and: thereon draw Z.N for-the Ver- 
tical, E.R. for the Circle of Latitude, making therewith an Angle 
ES Z= 39° : 33’; and TSL. for the Eciptic, making an Angle 
ZS L.= 50° : 27’, as before founds. then fince E.R is perpendicular 
to T L, if we divide S R into 16 equal Parts or Minutes; or more 
truly 951 Seconds, and therein take S.G = 9/:.51'1== sg1", and thro’ 
that Point draw the right Line P Q; to contain.an Angle 5S G P of 
81°: 32' with SR, it will truly reprefent the Path.of Venus. ae 
the: 


L374 
Then in the Triangle Q § P there are known all the Sides, P O . 
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the Face of the Sun at her next Conjunction, as feen from the Cén- 
ter of the Earth. 

But Venus feenin the Sun from the Surface of the Earth, will 
appear to defcribe a different Path, by reafon of the Parallax which 
will deprefs her to all who live Northward, and elevate her above 
the Line P Q, to all who are Southward of the Parallel which the 
Sun that Day defcribes. 

From what has been faid, it 1s alfo evident, that in fo long a 
Time as the Planet takes in pafling through the Chord P Q, the 
Sun muft every Moment vary its Altitude, and that therefore the 
Parallax will be conftantly altering likewife. So that fuppofing the 
Center of the Planet upon the Suz at C when he is in the Horizon 
(Figure 4.); then if C D be drawn parallel to Z N the Vertical, 
it will be equal to the 4orizontal Parallax of the Planet; or, in the 
prefent Cafe of Venus, wehave C D= 45"; by the Time the Planet 
is advanced to the Conjunction at G, the Sw is rifen to a certain Al- 
titude, and the Parallax thereby diminifhed. Laftly, By the Time 
the Planet is advanced to (c) at its Egrefs from the Suz, the Sun’s 
Altitude will be farther increafed, and the Parallax proportionably 
diminifhed; and therefore drawing a Line through the Points C, c, 
it will be the wifble Path of the Planet over the Suz, every-where 
at an unequal Diftance from the true one P Q._ 

The two {mall Lines‘ CD, and cd, being drawn parallel to the 
Vertical Z N, will be the Parallax, at the Beginning and End of the 
Tranfit ; and thofe two Lines are each of them refolvable into two 
others; viz. CF, F D, andc f, fd; the firft of which, in each 
Cafe, is perpendicular to the true Path; and the other parallel to 
it; and therefore at the fame Time that the Parallax in Altitude 
CD, cd, depreffes the Planet from its true Places D, d, to the 
vifible Places'C, c, it carries it backwards in its Path from D to F 
at the Beginning, and from d tof at the End of the Tranfit. And 
as the Motion from’D to’ F, as alfo from d tof, ‘is dire@tly con- 
trary to the Motion of the Planet in its Path, it retards the Time 
of its commg on and going of the Solar Ditk. 

What this Time is, ‘may be found by computing the Quantity of 
the Lines D F, or df. Thus for Example; let (c) be the Center 
of Venus at the Time that the touches the Swz’s Limb internally at 
O; fo that sdrawing Sc O, we have c O equal to Venus's Semi- 
diameter, or 37” 23; and S O=914". Draw S M, perpendicular ‘9 

the 
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the Path PQ, bifecting it in H, then is the Angle MS R= 8" 
28', which taken from NSR=—F S Z = 39° 39/, there will remain 
the Angle N SM = 31° os’. Now this Angle is equal to the Angle 
P'cd; for f cis parallel to MS, and c d is parallel to S N. 

Therefore, in the Right-angled Triangle c f d, there is given 
the Angle fc d = 31° 05’; and the Hypothenufe c d = 30”, which 
is the Parallax at 41° 12’, the Altitude of the Suz at that Time. 
‘Then fay, as Radius to 30", fo is the Sine of BI Sipe te nelle 
fd. Now fince Venus moves at the Rate of 240” per Hour, or 
6o' = 3600", if we fay, As 240" of Motion is to 3600" of Time, 
fois 15"% of Motion to 232’% of Time, which is 3’ 524, by 
which the Egrefs is retarded by the Parallax in the Path. After 
the fame Manner, if the Beginning of the Tranfit were vifible at 
London, the Quantity of F D might be computed for the Swn’s Al- 
titude when the Planet enters the Solar Difk, and thence the Time 
by which it would be retarded ; or how much later it would. hap- 
pen at Lonpon than if feen from the Earth’s Center. 

Befides the Effect of the Parallax upon the Motion of the Pla- 
net inits Orbit, it has another, which very much affects the Time of 
the Duration of the Tranfit, by diminifhing or increafing the Chord. 
or Path on the Disk. In the prefent Cafe, to us at London the Pla- 
net is deprefled from the Chord P Q to the Chord V W; on the 
Center S, through the Point (c), {weep the fmall Arch ac b, in- 
terfecting the Chord PQ in the Point (a) ; then fince K c is lefs 
than H a by the Quantity fa, it is evident, that on this Account 
the Phenomena of the Egrefs will be accelerated, or they will hap- 
pen fooner in the wifble Path, as viewed from London, than in the 
true Path, as feen from the Center of the Earth, by all the Time 
the Planet takes to pafs over the Space fa. 

This Line f a.is therefore to be computed ; in the Right-angled 
Triangle GS H, we have S G= 591”, and the Angle HS G= 8° 
28'/, whence we findS H = 584”%. Again, in the {mall Triangle 
fed, we find cf=—25"2; then SH-+~-fc=Sr= 610"; then 
in the Right-angled Triangle Src, there are two Sides, S c and 
S r known, whence we find the Angle Sc r=SeH=—aqi’ 55’, 
and HS e= 48° a5! 

Then, becaufe the Right-angled Triangles H S’e, ec a,. and 
c fa, are fimilar, the Angles in the laft are known, whence we 
find the Side fa = 23”; but 240” per Hour. is 1” in 15" “ ees 
therefore 
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therefore 23 x ©5 = 305” = 5/: 5" of Time in which Venus 
will pafs over the Space fa, by fo much therefore will the Egrefg 
be accelerated; but we have fhewn it is retarded by the Parallax 
in the Path by 3/52”. Whence 1' 13” is the Time by which the 
Egrefs at London is accelerated. 

In the fame Manner you proceed for calculating the Times of 
paffing over F D and AF in the Beginning of the Tranfit, where 
vifible ; and you will eafily obferve, if both Parts accelerate, or 
both retard, the Time of the Beginning or End of the Tranfit, or 
whether they are contrary to each other in that Refpect. Thus for 
example, in the prefent Cafe, the Parallax in the Path F D, and 
that in the Perpendicular, which fhortens the Path by the Space 
AF, both retard or contract the Tranfit at the Beginning ; but at 
the End the Effect of one is contrary to that of the other, as we 
have fhewn. 

In the Cafe before us, the Beginning and End of the Tranfit hap- 
pen in the Forenoon; but when they happen in the Afternoon, 
the Part of the Parallax denoted by F D, fd, accelerates the Time 
of the Beginning and End of the Tranfit, by caufing the Planet to 
appear to come on and go off from the Suz fooner than it really does: 
The Reafon of which is very obvious, witha little Reflection; efpe- 
cially if a Scheme be conftructed like that in Figure 2. on the 
Weftern Side of the Globe, for any Place where the Tranfit will be- . 
gin and end in the Afternoon. 

It is evident from this Theory, that though the Beginning and 
End are both retarded, or both accelerated, when they happen be- 
fore or after Noon; yet they are very unequally fo: For the Begin- 
ning is retarded by both Effects of the Parallax; wiz. F D and 
“AF; but the End is accelerated only by their Difference da. And 
thus the Beginning is accelerated by the Sum F D+F A in the Af 
ternoon, and-:the End by the Difference f a — fd. 

Therefore, in order to have the Duration of the Tranfit contracted 
as much as poffible, the Obfervations fhould be made in thofe 
Places where the Beginning is before Noon, and End after; as in 
moft Parts of the Eaf Indies. 

The Places fhould be fuch alfo as have the Beginning and End 
at the fame Diftance of Time from Noon, or at equal Altitudes of 
the Sux before and after Noon; becaufe the Sum of the Parallaxes 
of two equal Altitudes being as the Sum of the Co-Sines of thofe 

Altitudes, 
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Altitudes, will be greater than the Sum of the Parallaxes of two 
unequal Altitudes of the fame Number of Degrees. Thus twice 
the Sine of 45 Degrees from the Zenith is greater than the Sum of 
the Sines of 60 and 30 Degrees, as you may fee in the Tables. 

What we have now faid relates to the Parallax F D and fd, in 
the Path; but then, fince at a given Altitude the abfolute Parallax 
DC (=dc in equal Altitudes) 1s a conftant Quantity, the Angle 
EF CD muft be fuch, that the Sum FD+AF=AD, hhall be 
the greateft poffible. It is evident that when Venus’s Path P (ys 
coincides with the Vertical Z N, we have A Fo; and when it 
is perpendicular to the fame, then F D = 0, and AF=CD; and 
it is eafy to underftand, that when a given Line D C is to be adapt- 
ed in a given Angle C A D, fo as to make A D a Maximum, the 
Angle DC A muit be aright one; and therefore the Latitude of 
the Place fuch, that the Vertical Z N thall pafs through the Center 
of the Planet C at the Moments of her internal Contaé&t, at the Be- 
ginning or End of the Tranfit, which may eafily be determined 
from the Principles above laid down. 

For in this Cafe, the Angle N S M will be equal to the Angle 
M5 O, which is 48° 05’, as we have fhewn. Then if to this we 
add the Angle MS R = 8° 28’, it will make the Angle RS N= 
56° 33', which will be the Angle ES Zin Fig. 3.. Then laftly, 
if to this you add the Angle E S§ P= 60° 10’, you will have the 
Angle ZS P= 62° 43'; and fuppofing the Tranfit to begin and 
end at 3" 15' from Noon, the Angle Z P S will be 48° 45’, then in 
the Triangle ZS P there are two Angles, and the Side S P known, 
to find the Side Z P, which will be 55° 10’, and therefore A Z 7 
34 50’, the Latitude fought, where the Quantity A F+ F 
(Fig. 4.) will be the greateft poffible. . 
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USE of the TRANSIT of VENUS 


In INVESTIGATING the 


ELEMENTs of her THEoRY, 
Explained and Exemplified from the 


OBSERVATIONS of Mr. HORROX. 


HE firft and moft celebrated of Obfervations refpecting the 

Planet Venus, is that of her Paflage over the Sun’s Ditk, 
which was obferved at Hoole, near Leverpool, in Lancafhire, by our 
Countryman Mr. Horrox, on the 24th of November, in the Year 
1639; of which we have a particular Account in his Book after- 
wards publifhed by Hevelus in 1673, intituled De Venere in Sole 
Vifa. The Sun being then nearly fetting in the Horizon, he pre- 
pared himfelf to make Obfervations thereon in a darkened Room, 
by taking his Image upon a proper Skreen, and which we have here 
reprefented by a Circle TELR (Fig. 5. Plate HI,), and being 
provided with proper Inftruments to meafure the feveral Parts, he 
obferved her to be wholly within the Difk, and-then to touch the 
Sun's Limb internally at A, at 1 § Minutes after III. The Diftance 
between the Center of the Planet V and that of the Suz S, he found 
to be 14' 25”, reckoning the Minutes fuch that the Diameter of 
the Sun contained 30’, and that of the Planet 1! 10". 

The fecond Obfervation was made at 35 Minutes after III. and 
the Diftance he then found between Venus and the Sun to be 13! 
30". And by a third Obfervation, at 45 Minutes after III, he 
found the Centers of Venus and the Sun to be juft 13 Minutes apart; 
and the Suz fetting at 50 Minutes after III, put an End to any fur~ 
ther Obfervations. 

From 



































in 
From thofe few and imperfe@ Obfervations, Horrox proceeded to find 
the precife Time of the Conjunction of Venus with the Sun, and 
other Elements of Theory, in the following Manner: He fuppofed 
the Sun's Place to be in m 12° 24', and having calculated the Angle 
A'S T (inthe Manner we have fhewn from F ig. 3. 4.) or the Dif- 
tance of the Point A from the Ecliptic T, which he found to be 
46° 34’, whofe Complement A S R,. the Diftance between Venus 
and the Circle of Latitude E R,. is 43° 26’; and having {uppofed the 
Diameter of the Suz to be 31! 30"; and that of Venus 1/16!" (reckoned 
of the ufual Magnitude) he found the Diftance between the Cen- 
ters S V to be 1 5° 7”, and from thence the Difference of Longitude 
V C to be 10’ 24", and her Difference in Latitude V H ro! 58", 

As thefe Differences of Latitude and Longitude were only appa- 
rent, and as Venus was at that Time nearly in the Horizon, her 
Parallax by which the was depreffed, was nearly equal to the Ho- 
rizontal Parallax, which he made to be 52", fuppofing that of the 
Sun to be 14", the Difference of which is 38” for the Parallax of 
Venus from the Sun. 

Thro’ the Point V draw the Right Line V O parallel to the vertical 
Circle ZN, and equal to 38”, which was the Parallax of Venus from the 
Sun; then drawing the Line Oc parallel to Vc, and Oh parallel to VH, 
there will be formed the Right-angled Triangle V O I, in which the: 
Side V O and the Angle at V are known (from what. we have before- 
delivered), and from thence he found the Side I V, which was the 
Parallax in Latitude, to be 36”, and the Side I O to be 3 3” in Lon-. 
gitude; fo that the true Latitude of the Planet’ was S c, and the. 
true Longitude Sh. He likewife calculated, in the fame Manner, 
the Difference of Latitude and Longitude for the other two Obferva-. 
tions; fo that, for the three Obfervations, the apparent and true. 
Latitudes and Longitudes were as.in the following Tables : 


True Long. — Ap. Long. True Lat. Ap. Lat, 

el hcen Joa 10/5477. oan at jd 0 yeh yy. 4 To ao 
sReG Q 36: Q 22 Ps 3 Io 38 

3 45 se 851 9 49. 10 24 


Now from hence to find the Time and Place of the true Conjunc- 
tion of Venus with the Sum, our Author. fuppofed that the Sun’s 
daily Motion was 1° 1! 2”, and that of Venus retrograde to be 36! 

G2 30 5, 
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38", whence the Sum 1°37’ 40" meafures the apparent Motion of 
Venus in Regard to the Suz in the Space of 24"; and therefore he 
ufed the following Analogy: As 1° 37' 40’ is to the Difference of 
Longitude between the Center of the Suz and Venus 10! 37", fois 
24" to 2" 36' 30" which added to 3° 15’, the Time of the firft Ob- 
fervation, gave the Time of the true Conjunction of Venus with the 
Sun to be at s* 51’ 30" on the rath of November, 1639. 

From the Firft, compared with the Second and Third Obferva- 
tions, he found the Time of the ConjunCtion to be at 5° 56’ 30”, and 
5° cg’, and taking the Mean of all, he found it to be 5" 55’ for the 
Time of true Conjunction, and for that Time having calculated the 
Sun’s Place in # 12° 29! 35", he found, of courfe, the Place of Venus 
to be in the oppofite Sign Gemini 12° 29' 35". 

Having calculated the apparent Latitude of Venus in the Space of 
24°, which he found to be 15’ 40", he took the proportional Parts 
correfponding to 2° 40! (the Time between the firft Obfervation and 
Conjunétion) and found it to be 1' 44", which having deducted from 
the true Latitude of Venus obferved at the Time of the firft Obferva~ 
tion, there remained 8' 38" for the Latitude at the Conjunction ; 
and by the other two Obfervations he found the fame Latitude to 
be 8’ 32” and 8! 24"; and taking the Mean of all the three, he 
found it to be 8’ Pas 

In the next Place, to determine the Place of the Node, Mr. Har- 
rox, from the given Diftance of the Planet from the Earths and the 
Sun,and the Geocentric Latitude of Venus 8! 31!',he found the Helio- 
centric Latitude to be 3’ 7”, and then fuppofing the Inclination of the 
Orbit of Venus to the Ecliptic to be 3° 22’, he found by Calculation 
(in the Manner we have before fhewn) the Diftance of the Planet 
from the Node at the Time of Conjunction to be 53’ 10”, which 
being added to the true Place of Venus which was before found in 
Gemini 12° 29' 25, it gave the true Place of the Node in Gemini 
13° 22' 45", but very little different from the Place where Kepler 
had before found it, wz. only 1! 32’. 

Such is the Method by which Mr. Horrox attempted to fettle the 
Elements of the Theory of this Planet ; but having herein aflumed 
the Diameter and Place of the Sum, alfo their Horizontal Parallaxes, 
different from what they are now found to be, this Theory was 
afterwards corrected by Mr. Caffini, and the true Latitude and Lon- 

gitude 
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gitude for the Times of the Obfervations reduced to the Meridian 
of Paris, as in the following Table: 


True Long, True Lat. 
uemeg' 37! > at’ Paris ro! 56" 10! 58'2 
8 GRR eh 9 53 10 36% 
Tp Q 20¢ Loi 2 ys 


By thefe true Differences of Latitude and Longitude he found 
the Time of the true Conjunction at Paris to be four Minutes after 
VII, and the true Place of Venus to be in Gemini 12° qt ati. 





Mr. CASSINI’s Meruop, 


For DeTeRmrininc the foregoing 


, ELEMENTS of VENUS’s Tueory. 





f R. Cafinz having confidered, that, in the Space of Half an 
LY 8 Hour, the Motions of Venus in Latitude and Longitude were 
too little fenfible for deducing the Elements of her Theory from 
thence, with fufficient Precifion, he purfues another Method for 
that Purpofe, on Suppofition that the Ratio of the Diftances of 
Venus from the Sun and the Earth is known; as alfo the Inclination 
of her Orbit, and the Quantity of her true Motion feen from the 
Sun. | 
He calculates the Place of the Sw in # 12° 24! 52”, and fuppofes 
the Diameter of the Suz 32' 40', and the folar Parallax ro"; then 
he proceeds to the Computation. The Longitude of Venus at the 
Time of the firft Obfervation having been determined 10’ 56", 
and her Latitude 10’ 58" 3; fay, As the Diftance of Venus from the 
Sun 72008, is to the Diftance of Venus from the Earth 26522, fo 
are 10! 50’ to 4’ 2", which meafures the Difference of Longitude 
between Venus and the Earth, feen from the Sun at the Time of 
the firft Obfervation, and which being deduéted from the true Place 


of 
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of the Earth, which was then in m 12° 24" 52", gives the true Place 
of Venus in 1 12° 20! 50", on the 4th of December 1639, at 33 
Minutes after HI. the true Time at Paris, New Stile. 

In like manner. fay, as 72008 is to 26522, fo are 10! 58” the 
Latitude of Venus feen from the Earth.to 4’ 3”, which meafure the 
Latitude of Venus {een from the Sun at the Time of the firft Ob- 
fervation. 

In like manner for the fecond Obfervation, zz. 35 Minutes af- 
ter III. the true Time, her Place was found to be in 9 12° 29! ae 
and her heliocentric Latitude 3'54"%. Laftly, For the Time of 
the third Obfervation, her Place in m 12° 22’ 40”, and her Latitude 

y 7] 

The Latitude of Venus being thus found at the Times of the 
three Obfervations, we find the Place of the Node by the following 
Analogy. As the Tangent of the Inclination of the Orbit 2°22 ear 
is to Radius, fo is the Tangent of the heliocentric Latitude of the 
firft Obfervation 4' 3”, to the Sine of the Diftance of Venus from 
the Node 1° 8’ 37", | 

By the fame Analogy it is found, at the Time of the fecond Ob- 
fervation, to be 1°6' 13", and at the Time of the Third 1° 4' 39"; 
and adding thefe to the true Place of Venus feen from the Sun, we 
fhall have the true Place of the Node, by the firft Obfervation, in 
M 13° 29 27", by the Second in 13° 28! 18”, and by the Third 
13° 27 19"; and taking a Meanof the three, we have the true 
Place of the Node in Gemini 13° 28' 21" farther advanced by 6 Mi- 
nutes than her Place determined by Horrox. 

In order to find the Time and Place of the true Conjun@ion of 
Venus with the Sun, and her Latitude, we muft confider that her 
daily Motion.was then 1° 36/ 44", from which we muft fubftra@ 
the Motion of the Suz in 24", viz. 1° 1! o”, and there will remain 
the Motion. of Venus from the Earth, as viewed from the Suns 
35°44" per Diem. ‘Then fay, as 35' 44” are to 4' 2", fo are 24" to 
2° 43’, which being added to 3° 37' (the Time of the firft Obfer- 
vation) gives the Time of the Conjunction of Venus with the 
Sun 6° 20', true Time at Paris; which reduced to the Meri- 
dian of Leverpool, will be 5° 58', which is 3 Minutes later than 
the Time of Conjunction determined by Horrox; and calculating 
for the fame Time, the true Place of the Sun, which is the fame 
with that of Venus, it will be found in # 12° 31' 44”, the oppofite 

Point 
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Point to which is Gemini 12° 31' 44", which being deducted from 
the Place of the Node (before found) in Gemini 13° 28’ 45", we 
fhall have the Diftance of Venus from her Node at the Time of her 
Conjunction with the Suz 5! 1", by which we thall find her helio- 
centric Latitude to be 3’ 22", and her Latitude {een from the Earth 
9 8", larger by only 37" than that which was determined by 
Florrox. 

Thefe are the general Methods by which the Theory of Venus’s 
Motion may be afcertained, and ina great meafure fettled, by nu- 
merous and accurate Obfervations made on the apparent Diftances 
between the Centers of Venus and the Sun at the next enfuing Tranfit, 
which may be very eafily meafured by means of a proper HELtome- 
TER, fo conftruéted that it thal] give the true Pofition of the Eclip- 
tic, with refpe to the vertical Circle, for any given Moment of 
Time during the Tranfit, as alfo the apparent Latitude from the 
Ecliptic through the whole Duration. 

We fhall only add, that the Reafon why Venus appears no oftener 
in the Face of the Sun is, becaufe that when her Diftance from the 
Node is about 2 Degrees, her Latitude feen from the Suz is about 
7’ 5", which Latitude, viewed from the Earth, will make 16 or 17 
Minutes, and therefore exceed the Semi-diameter of the Syy. 
When fhe exceeds this {mall Diftance from the N ode, the will pafs 
above or below the Suy’s Difk, and may be obferved in thofe Con- 
junctions to have fome Part of her enlightened Difk turn towards 
the Earth ; more and more, in Proportion as fhe approaches the No- 
nagefima Degree of her Orbit; to which when the arrives, the 
Portion of her enlightened Surface will be the greateft of all, and 
equal to the Sum of her greateft and leaft heliocentric Latitude. 

For fuppofe P (Figure 6.) to be the Place of the Planet in that 
Situation in her Orbit B D, let S be the Center of the Suz, and T 
that of the Earth; and through the Center of the Planet. P draw 
. the right Lines S K and T H, then will A C, a Part of the Orbit, 
be perpendicular to S K, and confequently determine the enlighten- 
cd Hemifphere of the Planet AIG. Then draw C F parallel to 
T H, and it will cut off the Arch A’ C of the enlightened’ Hemi- 
{phere, for that Part which can be {een at the Earth ; and becaufe 
the Arch A I and C E are each go Degrees, and the Arch C I com- 
mon to both ; if that be deduéted from the other two, it will leave 
the Arch A C equal to the Arch EI: but the Angle E PT is equal 
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to the Sum of the two internal Angles at'T and*S,: of the Sum» of 


the greateft heliocentric and geocentric Latitudes together; which 


therefore is equal to the Part of the enlightened Surfaceof the Pla-~ 


net A: C turned towards the Earth. 


are thereby prevented from viewing the Rifing-Sun with “eves on. 


his Difk, I thought it might not be unacceptable to. haye an Idéa 


thereof communicated by a Diagram (fee Figure 7.) ; where HO 
reprefents the .eaftern Part of the Horizon, in which the Suz will 
rile. AD_is a Part of the Ecliptic, defcribed by the Sugs Center 
making an Angle with the Horizon of about 26 Degrees, | A is the 
Pofition of the Suz below the Horizon, when its upper.Limb juit 
touches the Horizon in B.C the Center of the Suz juftin the Ho- 










- 


J. 


Fist, 


7 is (aan ee 
To conclude; in cafe the Morning fhould’ prove cloudy, and we™ 


rizon; and D its Pofition when the lower Limb .juft touches the 


Horizon in E, or the Suz is wholly rifen above it. ‘The Time in’ 


pafling from A to D, or rifing wholly above the Horizon, is a little 
moré than four Minutes. ‘The Path of Venus on the Sum.is repre- 
fented by (a 4), and the Planet itfelf by a Black Spot, as far advan- 
ced on the Swn’s. Difk at his Rifing, as is here reprefented. 


N.B. What further relates to the Tranfit of Venus 1s fully explain- 
ed in two large Copper-Plate Prints, wiz. one of feventeen 
Tranfits of this Planet over the Sun’s Disk; the other of three 
Geographical Projections for the Time of the BEGINNING, 
Mippze, and END of the Transit in every Part of the 
World; with the Ujes thereof explained. 7 
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ERRATA. 
AGE 4. for Ndx! read Ns dX 
; a 


6. the Micrometer, 7. a Micrometer. 
g. of South, 7. South. 
12. of the, 7. on the. 
ibid. Parallax of 22° : 30%, r. Parallel of 22°: 30°. 
ibid. fooner at 45. r.. later at d. 
17. apparent Motion of the Nodes, 7. true Motion of the Node. 
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